DOCUMENT RESUME 

ED 070 624 SE 015 151 



TITLE 



INSTITUTION 



PUB DATE 
NOTE 

AVAILABLE FROM 



Environmental Quality Research and Cevelopment. A 

Review and Analysis o£ Federal Programs. 

Executive 0£fice o£ the President, Washington, D.C.; 

Federal Council for Science and Technology, 

Washington, D • C. 

Aug 71 

148p. 

Superintendent of Documents, Government Printing 
Office, Washington, D.C. 20402 (Stock No. 4106-0031, 
$1.25) 



EDRS PRICE 
DESCRIPTORS 



MF-$0.65 HC-$6.58 

"^Development; ^Environment ; Environmental Influences; 
Evaluation; ^Federal Programs; Financial Support; 
Program Descriptions; *Re ports; "^Research; State of 
the Art Reviews 



ABSTRACT 

This is the first interagency report on Federal 
environmental quality research and development programs that presents 
program descriptions, levels of funding, and analyses. Undertaken at 
the request of the Federal Council for Science and Technology, 1:he 
study may be useful in identifying environmental quality research and 
development programs in various agencies and allow for better 
coordination between widely separate disciplines. Program activities 
were considered in nine areas: air quality; water quality: land 
quality (including solid waste) ; understanding, describing, and 
predicting the environment; protecting and enhancing the environment; 
alternatives to the use of pesticides; noise; radiation; and 
population. Funding levels are determined in each of the subject 
areas for fiscal years 1969, 1970, and 1971. Mialysid of the Federal 
program was performed in terms of its balance, trends, priorities, 
gaps and overlaps, and future needs. A short summary, an analysis, 
and a table of funding by agencies for each of the subject sections 
are included in the main report. Full reports of the subject matter 
investigations are presented in the appendix. An overall summary of 
the analyses and specific recommendations relating to all reported 
Federal environmental quality research iand development is also 
compiled. (BL) 
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Preface 



This i.s the fh'.st interagency report on the Federal 
environmental (luality research and dcvclop;nent 
programs that presents program descriptions, levels 
of funding, and anabases. It is presented in accord- 
ance with Federal reorganizations including the En- 
vironmental Protection Agency and the National 
Occanograpliic and Atmospheric Administration. 
The study was undertaken at the rc(iucst of the 
Federal Council on Science and Technology'. It isr 
responsive to the requirements of the Council on 
Environmental Quality and the Office of Manage- 
ment and Budget to review existing programs and 
aetivitics in this ai-ea. It is hoped that it will be 
useful in identifying the environmental quality re- 
search and development programs in various agencies 
and to provide better coordination between widely 
separated diseiplines. 

Environmental quality is one of the most per- 
vasive issues facing the Nation today. It is the 
responsibility of the public, industry, and all levels 
of government. The Federal Government has re- 
spon3ibilities for acquiring ne\v knowledge, and for 
developing methods and technology to prevent degr.'c- 
dation and to improve and wisely manage the en- 



vironment. Federal agencies arc contributing to so- 
lutions of these problems, but available funds and 
maui)ower do not permit adecpiatc coverage for all 
problems, so tluit relative priorities and balances 
must be estal)lished. Many reports have been pub- 
lished in recent years recommending the research 
and development in environmental quality that 
should l)e undertaken by the Federal Government. 
Available reconunendations and analyses have been 
considered in this report in an attempt to identify 
trends, gaps, and overlaps. 

The report has been made possible by the valuable 
assistance of Federal agency representatives and has 
been reviewed by all of the agencies involved. The 
Committee is gmteful to its vice chairman. Dr. 
Harve J. Carlson who chaired the R. & D. analysis 
panel which organized, revised, and edited the i-cport 
with the capable assistance of Dr. Wardelia W. 
Doschek of NSF and Mrs. Mary Higgs of USDA. 



Dale W- Jenkins, Chairman 

Ad Hoe Committee on Environmental 

Quality, Research and Development 
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Introduction 



The Federal Council for Science and Technology 
(FCST) established the ad hoc Committee on En- 
vironmental Quality Research and Development* in 
July 1970. The assigned functions of the Committee 
were — 

• To continue to a.sseniblc information on the 
research and development activities of the Fed- 
eral Government related to environmental 
quality. 

• To carry out a special analysis of research and 
development in the Federal agencies and write 
a report for the Council on Environmental 
Quality and the Office of Management and 
Budget. 

The Committee, with representation from the 
scientific segments of Federal departments and 
agencies, compiled narrative summary dcscriptioas 
and fiscal data on the environmental quality re- 
search, development, and demonstration (hereinafter 
referred to as R. & D.) programs performed or .sup- 
ported by the Federal Government. Projects and 
task level activities were not reported individually 
but were included as part of programs. In general, 
more narrative is devoted to larger, more heavily 
funded programs. Some smaller programs of an inno- 
vative nature, however, have also been highlighted. 
The areas considered are air quality; water quality; 
land quality (including solid waste) ; understanding, 
describing, and predicting the environment; pro- 
tecting and enhancing the environment; and special 
studies on alternatives to the use of pesticides; noise; 
radiation; and population. It is recognized that some 
of the material, which has been classified under any 
one of these areas, could just as logically have been 
classified under another of the areas. The Committee 



* The CommittGC on Environmental Qiudity of FCST wan 
terminated in May 1970 in recognition of the new Council on 
Environmental Quality. However, the former Rcscareh, 
Development, and Demonstration Subcommittee was rctiuncd 
and the ad hoc Committee was formed with additional agency 
reprcscntaUves. 



took into account pn^vious studies of pollution 
II. & D. by the fonner Committee on Environmental 
Quality of FCST and more recent environmental 
quality special analyser, conducted by the Office 
of Management and Budget. 

The re.sultsof the Committee's survey to determine 
the level of funding foV the subject areas considered 
in the report for fiscal years 1969, 1970, and 1971 
arc reported in table 1 (p. 3) and summarized in 
figure 1 (p. 2). 

Thn present study had three specific objectives: 
(1) To identify and describe agency R. & D. ac- 
tivities in the above-listed categories; (2) to de- 
termine the funding levels for fiscal years 1969, 1970, 
and 1971; and (3) to analyze the Federal program in 
terms of its balance, trends, priorities, gaps and over- 
laps, and future needs. Special panels were formed 
to compile the program descriptions and to review 
and analyze the programs. An R. & D. analysis 
panel assembled, analyzed, and critically reviewed 
the entire report. 

Full reports of the subject-matter panels arc in- 
cluded in the appendix of this report. A short sum- 
mary, an analysis, and a table of funding by agencies 
for each of the sections are included in the main 
report. An overall summary of the analyses and 
specific recommendations relating to all reported 
Federal environmental quality R. & D. are included 
in chapter 2. 

Environmental quality was considered from such 
broad standpoints as pollution, environmental degra- 
dation, esthetics, recreation, resource management, 
space for living, wildlife habitat, and biological and 
physical systems or phenomena. Components of the 
environment were considered to be air; water; land 
(soil, minerals, etc.); biota (including man); and 
materials, devices, and structures. An underljring 
consideration for all aspects of the Committee's work 
was the need to maintain or manage surroundings 
and natural resources and systems essential for the 
long-range benefit of man and other living organisms. 
A primary consideration was the availability of sound 



Tabi.k I. — Totaf fttUrnI nivironmvntal umiritij program rmnrch 
and fhvi/opNunt-'Jisrnf ifrarn /.W.V, J,U70, nn,f //.7/. 
.Sinn f f tar If hij pur pom 

(FiKurei* in ntillinn^ of ilnlhir?*! 



Fiscal year 



l*ur|>ii«c 



I!I70 



1071 



Air quality tW.:>l 7l».0(i n3.9J 

WntcrqnaUty M.'M HS.79 li:i.:J7 

Und quality 44.71 oO.'U 

UitdemtnndtnK. dpf^rribinfe. ntid 

predict in K t lie cnviroiiineiit 1 0«.l . 4« i •J4!l . W» . 

Protecting and enlmncitiK the 

enx-irotttiten t r»7 . .V J (i.'> . .V.» {\7 . 02 

Special Mudie«: 

Alternatives to u«e of pesticide.' :W.OS 34.74 

Noiw lS.no 18.!».-> 10.47 

Radiation 74.29 77.4:i 77.37 

Total 572.10 050.20 787.15 



scientific knowledge about the effects of pollutants 
on living organisms and their environments. 

This study did not attempt to summanzc environ- 
mental quality R. & D. supported by non-Federul 
entities — State and other levels of government, other 
countries, industry, universities. State experiment 
stations, and foundations. The Committee is aware 
that a great deal of important and effective work 
is done by non-Federal organizations and recognizes 
that no overall evaluation of the Nation's total en- 
vironmental R. & D. effort can be made without 
taking them into consideration. Such an anal3rsis 
still '^eeds to be made. 

Capital investments in R. & D. facilities are not 
included. The closely related areas of pollution 
monitoring, industrial health, occupational health 
and safety, pollution control and technology, man- 
power requirements, legislation, regulations and en- 
forcement, and all actual operations for environ- 
mental enhancement and surveys to understand the 
environment are not included. Funding for research 
on environmental quality in this report may differ 
from that reported elsewhere, because this report 
excludes such costs as building and operating re- 
search faeilitieSr ship support, launch vehicles, satel- 
lites, and aircraft. 

Reorganization of Federal agencies involving en- 
vironmental quality occurred while this report was 
being written. Program and fiscal data for the En- 
vironmental Protection Agency (EPA established 
Dec. 2, 1970) and the National Oceanic and Atmos- 



pluM'ic Admini-stration (N0.\.\ croatc»d Get. 3, 1970) 
have* boon pio.'^ontod acconling to tho pro.'^ont 
rcorRnnizntions. Fiscal data for program.^ tran.^forrod 
from othor aKc»ncirs aiv roportod iindor I^PA and 
NOAA as though thoy oxistod pi-oviously, to prcvont 
complexities of data presentation. 

Another important con.^idoration not extensively 
covered in thi.^ report is tho impact of clo.soly related 
dovolopmonts, research or othonvi.so, on onviron- 
m(»ntal quality. There aro toelmological, social, oco- 
noinic, and legal developin(»nts that could havi^ as 
great an impact on the future of environmental 
quality a.*< those research activities considered in this 
report. Information exchange is also necessary. These 
I'olated activities might be appropriately classified 
as alternatives. 

Typical examples are— 

(a) Low-cost tunneling techniques that would 
offer mass transportation with closed-cycle or con- 
trolled air ventilation. 

(b) I^w-cost fuel cell or other power sources 
for home or industrial use that could eliminate a 
significant measure of pollution from wasted energy 
associated with centralized powerplant operations. 

(c) Atomic fusion development offenng what 
appears to be a relatively pollution-free energj*^ 
source. 

(d) Urban and rural land-use planning, which 
guides community development, to avoid or reduce 
natural hazards and constraints and to use and 
preserve environmental opportunities and amen- 
ities. 

Another area only briefly discussed in the rcjx^rt 
is R. & D. programs on disposal of solid waste. 
Municipal solid waste is generated in this country" 
at a rate of 6 pounds per capita per day — about a 
ton for eveiy man, woman, and child in this country 
every year. By 1980, this rate is expected to increase 
to about 8 pounds per capita per day. To collect, 
transport, and dispose of this enormous quantity of 
urban refuse, this country spends more than $4 
billion each year, and 80 percent of that amount is 
spent on collection alond. Increased emphasis must 
be placed on developing improved collection pro- 
cesses utilizing the techniques of systems analysis 
and other operations research tools in this area. 

Concern about tho quality of our environment is 
shared at the Federal, State, and local levels. Pol- 
lution, whether in the air, land, or water, has no 
boundaries and, therefore, becomes of concern intor- 
naitionally whether or not the countries share a 
common border, river, or sea. Our Nation is partici- 
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patiiif^ in sovoral piMrA H. & I), and uionitorinK 
|)n)pviins and should participate* in additional onc^s. 
All intfMnatioiial programs of tli<» F<»d<Mal aK(»nci<»s 
on (Mivironni(*ntnI riuality H. & 1). an* not ineludrd 
in this r(»port. 

KnvironnuMital riualitj' H. & 1). proRranis of Kcd- 
(»ral aKcnci(»s arc coordinat(»d by varions nicchanisiiis 
including interagency panels and conunittees of the 
Office of Science and Technolo>;>% and various coni- 
aiissions, int(»raj5ency connnittees, task forec^s and 
task j^roups, and working groups, l)et\V(»en various 
Fed(»ral agenci(»s. C Vila in agencies poo' their n^- 
sourcos and provi(h^ each oth(M- with hiisic inlor- 
rnation. There are a number of information coordi- 
nation systtMiis such as th(^ Sci(»nce Information I^^x- 
changp. Agencies also maititain nudtidisciplinary 
laboratories and center's, and fund joint prognims or 
projects. Ag(»ncies frequently transfer funds to other 
agencies to carry out i*esearch programs and tasks. 
Memoranda of undei*standing agreements ait? signed 
between agencies to provide. long-term mutual pro- 
grams. 

In addition to interagency coordination, the 
Federal ag(jncies also have coordinating mechanisms 
with State and local agencies inchiding joint pro- 
grams and funding of programs. The Federal agencies 
give research contracts and grants to profit and 
nonprofit institutions including universitias and 
consortia. 

There is a very real need for additional intcn.sive, 
intelligent R. & D. efforts in all areas of environ- 
mental quality. Of equally great importance, how- 
ever, is the conscientious application and utilization 
of existing knowledge in the making of policy de- 
cisions and in the initiation of activities that may 
affect environmental quality. 

The total Federal expenditures (obligatioas) in the 
fields of pollution control and abatement and en- 
vironmental quality related activities for fiscal year 
1971 were S6,005 million of which pollution control 
and abatement was S2,005 million based on surveys 
by the Office of Management and Budget and the 
R. & D. subcommittee, Committee on Knnron- 
mental Quality, FCST. These reports show that the 
fiscal year 1971 obligations for research and develo|>- 
mcnt in the above fields were S856.5 million. In the 
present study, using different parameters and more 
detailed and updated information, the fiscal year 
1971 obligations for R. & D. were $787.15 million. 
These studies show that the R. & D. programs are 
less than 15 percent of the total Federal expenditures 
in this field. 



DEFINITIONS OF TERMS USED 

T(»rias used in this report are defin(*d as follows: 
licmircli — Th(» systematic pui-suit and acqin- 
siticm of information, knowledge, and under- 
standing. 

Dvvclopmcnl — The systematic conv<M>5ion of th<» 
results of research into useful technologx*. 

DrnwuNtmtinn — Operational or connnercial-scal(» 
(»xliil)its of designated subjects at select(Ml locat i<ms 
and for specific objectives* d(»signed to depict new 
t(»clmology. 

linvif'onmcnt — The surrounding or <»nvcloping 
complex of physical, chemical, and biological con- 
diti(ms that may affect the survival and wcdfare 
of man and oth(*r living organisms. 

Euvironmculal qnaliUj — The d(»givc to which 
constituent (Mivinmmental conditions mec^t ac- 
ceptable standards for human health, welfare, and 
the enjoyment of natural resources and amenities. 

PoUnlion — A condition of air, water, or land 
characterized by the presence of materials in such 
form or quantity as to ])c potentially deleterious 
to health, injurious to plant or animal life, offensives 
to the senses, or otherwise socially unacceptable. 

Ecology — The study of organisms and their re- 
lationships to each other and to the envimnment. 

Ecosystem — A natural, identifiable, interacting 
network of oi'ganisnis and their physico-chemical 
environment that constitute a subsystem of the 
biosphere. 



AGENCY ACTIVITIES 

IN ENVIRONMENTAL QUALITY R. & D. 

Ithhnlc Energy Commission (AEC) 

AEC's research and development responsibilities 
include achieving a more complete undei*standing of 
the mechanisms by which radioactivity arising from 
man's nuclear activities* moves through and interacts 
with the natural environment. An exteasive program 
in radiation biology is continuing to ehicidate the 
biological and physical processes resulting from radio- 
activity in the environmcmt and to adequately assess 
the effects of radiation injur>' and n»pair. Improved 
iastnimentation for the detection, and measure of 
radioactivity in the environment is l)eing developed. 
Immediate and long-term effects of acute and chronic 
exposui^e to mdiaticn in terrestrial and aquatic eco- 
systems are studied. Improved methods of handling 
and disposing of radioactive wastes from the nuclear 



energy industry are developed and tesitod. The pro- 
gram includes tcrre.strial, fresh water, innriiie, and 
atmosphcrie.science.s. These vital research area.^ pre- 
date the ouiTcnt popular interest in enviroiuneiital 
problems, and include .stutlios dealing with inter- 
relations of organisms and populations with tlM*ir 
environment, with particular enipha^^is on the fate* 
and efTccts of mdioactivity within tliesc eeosj-.^teins. 
Much of the support is for research on pathways, 
rates of movement, and di.stribntion of radioactive 
substances in the natuml environment and man's 
food chain, but many studies on cITccts of radiation 
on natural populations liavo also been supported. 
Some of the effort is necessarily devoted to baseline 
studies which establish the norm on which pre- 
dictions may be made alwut fate and cflfoct. In ad- 
dition to increasing our understanding of radio- 
activity in the biosphere, those programs contribute 
much to basic knowledge about ecology, man's food 
chains, and other broad aspects of environmental 
science. 

Corps of Engineers (CE) 

CE* is concerned with the development of the 
Nation's water and related land resources, requiring 
detailed study of the effects of engineering works on 
the environment. Investigations arc accomplished 
through a centralized research program and as part 
of studies of proposed construction projects. Impacts 
of engineering works on the terrestrial p.nd marine 
environments are evaluated to develop design cri- 
teria and improve technology. Experiments arc con- 
ducted in deep multipurpose impoundments to re- 
duce stratification and improve temperature and 
stored oxygen levels. Studies of aquatic plant control 
arc pursued to include methods of controlling aquatic 
plants in navigable streams and along coasts with 
emphasis on nonchemical methods. The Corps has 
responsibility for studying shore processes as affected 
by wind and wave actions, storms and other marine 
and atmospheric processes in order to preserve the 
national coastline. Studies are being conducted on 
the hydrologic cycle, general watershed hydrology, 
and effects of the atmosphere on regional areas in 
order to minimize the effects of floods. 

United States 

Department of Agriculture (USDA) 

USDA*s responsibilities include research on the ef- 
fects of air pollutants on forests, crops, and horti- 

« U.S. Array. 



eultund plants :ui(l on the pn V( ntinn and CDiitrol of 
Mfi^rieultural and fonstry M)urr(s of air polhition. .\ 
major eontiiiuinp: projjnun inrhi<l(s the sfareh for 
various safe and (*fTcctivc altornntivis to pcsticidrs 
and the development of seleetive and nonprrsistcnt 
eheniieal pest controls. The PcpartineMt has interests 
and responsibilities for allevi:itinn adveive imparts 
of and on agricidtural and fonstry operations. He- 
search is conducted on the development of outdoor 
i*eereation resources, on the protection and manage- 
ment of fish and wildlife habitat, an<l on the :iupii(«n- 
tation of fresh water resourees. Ways arc sought to 
improve e.sthetic aspects of inanV (*nvir(Mun(*nt 
through plants and sy.stenis for liuidseaping homes, 
green spaces, and count lyside. .\ wide variety of 
projects relate to the structu^t*, development, and 
functioning of natural ecosysteuis and to natural 
and man-caused impacts. 

Department of Commerce (DOC) 

DOC provides services related to pollution de- 
tection and abatement through the National Bureau 
of Standards. This Bureau provides evaluations of 
current measurement methods and of the results of 
research loading to improved techniques, in .support 
of abatement programs of other Federal agencies, 
local government, and industr>\ The National 
Oceanic and Atmospheric Administration (NOAA) 
was created on October 3, 1970.' Current R. & D. 
contracts under the supervision of the Maritime 
Administration eall for development of equipment 
and techniques and tanker design studies for mini- 
mizing pollution from oceangoing ships. The De- 
partment's major program in environmental quality 
R. & D. is dedieated to a more complete under- 
standing of atmospheric and oceanic conditioas and 
forces. Studies of hurricanes, tornadoes, and tropical 
storms result in earlier detection and more depend- 
able forecasting. Long-term changes in national and 
world climate are studied with a view to improving 
locnVand regional weather forecasts. The Department 



' > XOAA bmiight together in one Agenr3' the followini^ 
(:!ements: The Envimnmentnl Srience Scrvioos Admin ifit rati on 
from the Department of Commerce; the Bureau of Commcrritil 
Fisheries, marine game fish researeh program, and Marine 
Minerals Technologj* Center from the Department of the 
Interior; the national data buoy development project fmm 
the Department of Transportation; the national sea grant 
program fmm the National Hcicncc Foundation; parts of tlio 
U.»S. I^Akc Survey frwm the Army Con's of Engineers; the 
National OeeanoKraphie Data Center, and the National 
Occonographic Inatnimentation Center. 
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conducts extensive exix?riment.s in modification of 
hurricanes, lightning, snow, hail, and other forms of 
precipitation. DOC al«o has responsibility for studies 
of the biological clmracteristics and rcquircnients of 
living marine resources and conducts experiments on 
the effects of pollutants on marine ecosystems to 
benefit the sports fishing industry. 

Department of Defense (DOD) 

DOD's R. & D. program includes finding ways to 
reduce the emissions of undesirable exhaust con- 
stituents through improved combustion efficiency of 
military engines and modification of fuels. Contri- 
butions of military installations and ships to water 
pollution arc minimized by better methods of sewage 
treatment, chemical effluent reduction, and toNiic 
\va.ste decontamination. New concepts, designs, and 
methods of construction are being tested to prevent 
erosion and sedimentation. Methods of preventing 
and controlling pollution from oil spills are also 
under study. The Department maintains a large 
program of atmospheric and oceanographic research 
aimed primarily at the understanding and modifi- 
cation of various severe storm phenomena. Possi- 
bilities of reducing noise from aircraft, particularly 
jet engines, are being investigated. 

Department of 

Health, Education, and Welfare (HEW) 

HEW's research programs provide data useful in 
assessing the human health hazard of a variety of 
materials. These data can be used to develop criteria 
and standards for food safety and environmental 
quality. The acute and chronic to.vic effect of a 
variety of environmental components on the general 
population are assessed, and measurable parameters 
arc being sought that can be used to predict toxicity 
in man. The materials receiving greatest attention in 
this program fall into the following categories: (a) 
Pesticides and agricultural chemicals; (b) air pol- 
lutants, including S3mthetic smog, metal oxides, and 
airborne dusts; (c) pharmaceutical agents; (d) in- 
dustrial chemicals; (e) food constituents, additives, 
and contaminants; (f) natural products, particularly 
myotoxins; (g) metals and metallo-organic com- 
pounds; and (h) tobacco and related products. This 
program has had a major emphasis over the past 
several years in the area of pesticides, since knowl- 
edge gained from research on pesticide residues in 
foods aids in establishing the chemical identity of 



ivsidues and their C()nv'i*sion pmducts. developing 
improved techniques for measuring; ivsidue amounts, 
and tracing the metabolism of pestieides in Inologieal 
.systems. Soil and plant interactions with pesticides 
aiv also under study. These efforts are devoted to 
generating a l)ody of information wliieh will assist 
in drawing oonehisions about a central and incurring 
theme of this report : ^^'he Imi>act of the l-hivii^on- 
ment on Man." 

Department of 

Housing and Urban Development (HUD) 

HDD's n^senrch and demonstration program con- 
tnhutes towani enhanced urban envininmental qual- 
ity hy iiupn)ving the knowledge ha.se and t(*chniqu(»s 
for conununity environmental planning, manage*- 
m(»nt, developui(»nt, and redev(»lopment. Th(» focus 
is upon the effects of the physical environnu^nt or 
the social environment and in comnuinity and per- 
sonal needs. Support is provided for a wide range of 
projects related to local and regional planning, infm- 
stnicture investments (public facilities and semces) 
and housing, public buildings, and other institutional 
constniction. The divei'se projects supported include 
such subjects as methods for: envimnmental planning 
(earth science focus), noise abatement, waste man- 
agement (solid and liquid), energy provision, earth- 
quake hazai'd i-eduction, subsidence prevention over 
abandoiir^d mines, accommodating transportation fa- 
cilities to the envii-onmental multiple use of utility 
trenches and tunnels, and efficient deployment and 
distribution of public utilities and services. 

Department of the Interior (DDI) 

DOI's improved ore-smelting and coal -processing 
techniques arc resulting in more complete removal 
of sulfur and other coastituent.s, which reduces the 
level in stack gases. Methods of converting coal to 
other fuels having lower air pollution potential are 
being tested. Water quality programs arc concerned 
with upgrading water for municipal, industrial and 
agricultural applications. Better methods of measur- 
ing dissolved and suspended inorganic, organic, and 
biological materials and heat arc being used. The 
movement of these materials through the hydrologic 
system is being explained. Research in waste treat- 
ment is directed at methods of improving the quality 
of effluents and reducing processing costf^. The De- 
partment also maintains research projects on recla- 
mation of metal scrap, recycling of municipal refuse. 
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and stahilixation aiul n»V(»Rctati()n of industrial wasto 
piles. I)()I conducts studies on tho orijriii, bccumMicc, 
and distribution of niiucrnl rcsonir(»s and makes 
natiuiud land and uiiiuM'al n»sonrcc surv(\vs. It has 
siaular rcsponsihilitics for surface and uudcrp-onnd 
water n^sourccs. KxperinuMits on precipitation modi- 
fication have reached th(» ])ilot t(»st stajre, and oper- 
ational effectiveness is now heinpj (»valnated. The life 
processes, habitat re(|nireni(»nts, natural enenues, 
diseases, impacts of (»nvironinental nuxlifications, 
pollution^ and t(*chni(iu(*s for improved uumaf^ement 
of fish and wildlife resources are being studied. 

Department of Transportation (DOT) 

DOT carries out investiKations of air polhition in 
airport areas to pmvidc the basis for cnvimnmental 
quality .standards. DOT is also concerned with the 
development of fog dispoival systems for airpoii 
safety. I*]xperiments in improved surface tiaaspor- 
tation j^ystem design, location, and stnictuiv will 
lead to rc(hiccd noi.se and air pollution. Other re- 
search in the Department i.s directed toward pre- 
vention of .shipboard water polhition, more effective 
way.s of detecting and tracing the source of pollutant 
concentmtioas in coastal and inland watci-s, and the 
development of oil spill and waste control equipment. 

Envtronmenta! Protection Agency (EPA) 

EPA was established within the Executive Branch 
on December 2, 1970.* 

The R. & D. mission of EPA is to develop, test 
and demonsti^te effective techniques for combating 
air, water, and land pollution by elucidating the 



* EPA brings together in a single organ i tuition the following 
Federal pollution programs formerly existing in separate 
agencies and in an interagency council: The Federal Water 
Quality Administration (FWQA) from the Department of the 
Interior; the National Air Pollution Control Administration 
(NAPCA) from the Department of Health, Education, and 
Welfare (HEW); parts of the Environmental Control Ad- 
ministration (ECA}--Bureaiu of Solid Waste Management, 
Water Hygiene, and part of the Bureau of Radiological 
Health — from HEW; the pesticides research and standard- 
setting program of the Food and Drug Administration (FDA) 
from HEW; the pesticides registration authority from the 
Department of Agriculture (USDA); the authority to perform 
general ecological research from the Council on Environ- 
mental Qtudity (CEQ); certain pesticide research authority 
from the Department of the Interior; the environmental 
radiation protection standard-setting function from the ARC; 
and the functions of the Federal Radiation Council (FUC). 



critical relations amouR pollutants, forms of pol- 
lution, and control techniques. ThrouRh its research 
\\V\ det(M-nunes the impact of air polhitants on 
plants, animals, and stnietuirs, and it provides tin* 
seientifie l»asis for air quahty criteria and standards, 
riu* capal»ility for measuriuR and nionitorinjj; air 
pollutants will l«» improved through developing nu)re 
sensitive and relial)le instruments and teehniques. 
Tlie prineipal atinospherie processes that are affected 
liy UKijor air pollutants will l)e characterized. In tho 
realm of water quality, KPA develops and demon- 
strates effective and economically practical tech- 
nology for the treatment of .specific pollution prob- 
lems wherever po.ssil)le through renovation and reuse 
of \yt\s\v watei>!. 1-]PA also provides a soimd .scientific 
basis for I'egulatoo' action, including the .setting of 
water quality standaixls, through the development of 
knowledge and techniques for detecting, identifying, 
and quantifying pollutants, determining their fate 
in the water environment, and evaluating their 
effects on water use. KPA is also seeking better 
ways of ivducing, ivcovering, and recycling usefid 
products from waste materials. 



The National Aeronautics 

and Space Administration (NASA) 

NASA in cariying out its iicspon.sibilities for space 
research and applications and the advancement of 
aeronautics and space technology, has a number of 
progiums that may contribute to environmental 
R. & D. These include work associated with the 
reduction of air pollution from aircraft engines and 
work on spacecmft life support s>'stems which can 
contribute to the reduction of water pollution. A 
major program in aircraft noise abatement includes 
research and development aimed at a reduction in 
the noise generated, research promising a reduction 
in the noise impinging on the community, and iv- 
search to aid the understanding of human response 
to noise. The meteorology program provides the 
satellite and instrumentation technology to support 
NOAA in its responsibilities for understanding the 
atmosphere, predicting weather, and establishing a 
basis for weather modification and climate control. 
The aeronomy program contributes to an under- 
standing of the upper atmosphere. The earth 
resources survey program develops the efficient ap- 
plication of remote sensing technologies from aircraft 
and spacecraft to the needs and problems of the user 
community — the Federal, State, and lodal line organi- 
zations charged with earth resources responsibilities 
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(agriculture, forestry, geology, hydrology, ocean- 
ography, land use planning, (environmental inanage- 
uuMit). The geo(l(»tic satellite pmgruin contributes 
to an understanding of tlu^ figuif of the earth and 
to th(? dynamic pn)Ccssos gov(Tning the (^arth's 
activity. 

The National Science Foundation (NSF) 

NSF supports a hmad spectrum of programs re- 
lating to tlu* environment. The projects included in 
this report an* only those programs whose specific 
objectives arc related to or have a direct application 
to (environmental quality. Examples of currently 
supported air pollution projects are fundamental in- 
vestigations on combustion processes, long-term 
strategics for urban air quality, sources and move- 
ment of lead contamination, and determination of 
sulfur oxide and ozone levels that affect photo- 
synthetic rate. In the area of water quality, support 
is provided for research on eutrophication processes, 
biogeochemistry of heavy metals, benefit-cost models 
of waste disposal systems, and basic investigations 
of heat trare?fer mechanisms. A diverse program in 
oceanic ecology includes such projects as ocean- 
atmospheric interactions, chemical oceanography, 
and polar environmental systems. NSF funded work 
in basic atmospheric physics supports weather modifi- 
cation research by a number of agencies. Of great 
scientific interest and importance is the international 
biological program (IBP) supportectin large part by 
NSF. The Research Applied to National Needs 
(RANN) program supports a variety of environ- 
mentally related investigations in addition to other 
work. Other ecological research includes intensive 
studies on local or specialized plant and animal 
communities. 



The Smithsonian Institution (SI) 

SI through its astmphysical laboratoiy studies 
solar radiation, atmospheric dynamics, and the heat 
balance of the earth. The mol>ility of the earth's 
surface is l)eing investigated, and attempts are made 
to relate such movements to the occurrence of earth- 
quakes, volcanic activity, and other massive geo- 
physical changes. The adaptalrility of the human 
species to rapid and severe environmental changes is 
being explored. Other Smithsonian programs es- 
tablish ecological baseline data on plants and ani- 
mals, examine natural regidatoiy systems and their 
effects on growth of living organisms, and conduct 
research on a variety of pollution problems. 

The Tennessee Valley Authority (TVA) 

TVA includes environmental research and de- 
velopment as part of its mission of comprehensive 
and unified development of the resources of the 
Tennessee Valley region. These efforts help solve 
environmental problems arising from or associated 
with resource use and development. TVA conducts 
research and development related specifically to 
water resources development, electric power supply 
and use, fertilizer and munitioas development, and 
general resources development. This includes re- 
search on the effects of heated water discharges on 
stream temperature regimes and on downstream 
water uses, studies of river basin management to 
enhance water quality, pollution potential of agri- 
cultural fertilizers, reaeration of releases from storage 
impoundments to improve dissolved oxygen, research 
on the disposal of solid wastes, .sulfur recovery from 
powerplant stack gases, strip mine reclamation de- 
velopment, and feasibility studies of joint facilities 
for treatment of wastes from several industrial plants. 
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CHAPTER 2 



Summary and 
Recommendations 



This chapter highlights the crucial parts of the 
expanded analyses in the chapters that follow. To 
permit cohesion and unity without sacrificing lirevity, 
it is organized into a short discussion of eaeh of these 
chapters, followed by a list of recommendations that 
are common to most or all components of the total 
report. No single component of the environment is 
independent of others. For example, research and 
development (R. & D.) directed predominantly to- 
ward land quality also impinges on air quality and 
water quality. This interdependence is treated to 
some extent in chapters that follow and more com- 
pletely in the appendices. The reader should refer to 
the appropriate chapter and appendix for a thorough 
treatment of a given subject 

Noise (app. 7) and radiation (app. 8) are not dealt 
with in the "media" chapters but are considered as 
separate topics. Similarly, the alternatives to the 
use of pesticides (app. 6) and population are regarded 
as sufficiently distinct to justify separate treatment 
as a special study. 

While this report highlights the Federal R. & D. 
effort in erivironmental quality, it should be pointed 
out that eonducting R. & D. in and of itself does not 
improve the quality of the environment. Effective 
educational and abatement-control programs that 
seek to apply the knowledge gained through research 
will continue to be required. Strong Federal leader- 
ship is essential to bring about the environmental 
enhancement we seek. 

The funding for the total Federal environmental 
quality R. & D. program is summarized in figure 2 
(p. 10). Table 2 (p. 12,13) presents the funds which 
were reported by each Federal agency in the subject 
areas covered by the chapters of this report. The 
fiscal years 1969, 1970, and 1971 are considered. 



GENERAL RECOMMENDATIONS 



A few major roeommondations have ham found 
to apply to many or all of the arca^s considorod in 
this report. Some of thom will he rpitoratcul in the 
chapters for which thoy are particulariy crucial. 
Those rocommondations that warrant special em- 
phasis are the following: 

1. Program planning must be improved— Thisi 
includes bettor evaluation of problems and es- 
tablishment of priorities in terms of needed sup- 
port for action programs, and more precise defi- 
nition of specific research goals. Research on pol- 
lutants should give first emphasis to those that 
endanger man's health; second consideration to 
those affecting his welfare and the environment. 

2. Program coordination must 6. strengthened. — 
Some mechanisms for coordination already exist. 
In many areas of environmental quality, however, 
improvements must be made including better 
mechanisms for intraagency and interagency col- 
laboration and joint planning, closer cooperation 
at the project level, multidisciplinary action in- 
eluding wider and more effective use of inter- 
disciplinary teams, and better coordination in 
instrument development. 

3. Application of research results must be ac- 
celerated, — Existing knowledge must be more 
promptly and effectively disseminated, organized, 
tested, and put into ase to solve important prob- 
lems. 

4. Afodeling and systems analysis procedures must 
be fully utilized. — Increasingly sensitive, versatile, 
and powerful analytical tools are becoming avail- 
able and should be adapted more skillfully and 
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iuiaRinativcly to solution of complex onviron- 
iiUMital problems, includiiiR socioeconomic aspects. 

5. Better irnstc flfftpohvl ftifstcms must be dertscd. — 
Unregulated use of Inxlies of water for dumping 
numicipal and industrial wastes is at an end. 
Alternative appmaches. such as land disposal and 
i-ecycling systems, must Ik» develoi)ed and tested. 

Air Quality 

The major trend in res(»arch related to air quality 
is toward Rieater Federal participation in the de- 
velopment of prevention and control technolog}-. 
Two-thinis of the more than S200 million total 
Federal exi)onditures on air quality R. & D. over 
the past 3 yeai-s have l)een on prevention and control. 

Prevention and control of air pollution from mobile 
sources has l>een given high priority by Federal 
agencies. Tliis is, in part at least, in respon.se to the 
President s mandate in his Februarj- 1970 environ- 
mental message to develop "♦♦♦an unconventionally 
powered, \'irtually pollution-free automobile within 
5 years.'* Emission standards for mobile .sources 
have also been established. Technology being de- 
veloped for controlling pollution from other mobile 
sources, especially aircraft, will also help solve the 
automotive engine problem. Another high priority 
area is the development of control technology for 
stationary sources, particularly fossil-fueled electric 
power generating plants. 

The necessity for more sensitive reliable measuring 
and monitoring instrumentation and techniques is 
recognized by the agriic^es reporting activities on 
this problem. 

No obvious examples of unnecessary program 
duplication were found. EPA, supporting more than 
60 percent of the total Federal funding for air 
quality R. A D., has a major responsibility in this 
regard, which it is able to exercise through its inter- 
agency fund transfers. Pandlel efforts can be comple- 
mentary or supplementary if they are planned that 
way. Interagency committees arc useful and often 
essential tools, but it cannot be assumed that their 
existence automaticaDy insures adequate and con- 
tintiing coordination at the project level. 

A number of the air quality R. & D. activities 
reported here have effectively mobilised diverse re- 
search talents in a team ^proach to problem so- 
hition. This is particularly important in dealing with 
the private sector. Good use is also made of industrial 
h3rgiene research findings in helping identify and 
evaluate ( otentially haxardous air-quality conditions. 

An innovative and potentially pnxluctive project 



is planned for St. Louis, Mo., where the total air 
pollution problem of a .*cingle city would lyo studied 
in depth. An integrated effort involving Federal and 
State agenci(v<, universities, and other group.s would 
explon* the chemical, meteorological, and biological 
mmifications of air quality. The Committee l>elieves 
this i.s an excellent approach and recommends that 
it l>e carried out. 

The utility of modeling .sy.«?tems for predicting the 
movement and concentration of pollutant.^: i.s gener- 
ally recognized. However, the measurement capa* 
bility and sophistication necessary to deal with the 
complex forces involved are not yet available. Some 
modeling sy.stems an<: field test results currently in 
existence may l)e applicable to motleling and pre- 
dicting the movement of jwllutants and airborne 
toxic materials. Particularly needed are high-accu- 
racy sensing devices, better measuring methods for 
critical atmo.spheric parameters, and development 
of photochemical models. 

There is iasufficient emphasis on interactions and 
effects of mixtures of air pollutants. A more complete 
understanding is needed of the traasformations, 
S3rneigisms, and fate of airborne chemicals. Simi- 
larly, control technology for pollutant mixtures re- 
quires greater attention. 

Basic and applied economics research, including 
cost-benefit studies, on air quality maintenance and 
improvement is needed. 

Recommendations applicable to air quality are 
listed below: 

• Assure interagency coordination to iivoid un- 
necessary duplication of R. & D. effort. 

• Implement an integrated attack on the air- 
quality problems of a metropolitan area. 

• R. ft D. program priorities should be more rigor- 
ously established on the basis of needs of action 
programs and pollution-control agencies. 

• Utilize modeling S3rstems to study individual 
and combined effects of pollutants. 

• Insure adequate transition from R. ft D. to 
operational programs to get new knowledge and 
technology applied promptly. 



WibrQnMf 

Research on water quality is now foeusing on 
widening the known research base and on increasing 
efficiency and reducing costs of known processes. 
^Particularly needed is a greater awareness of knowl- 
edge already available and not being used, and a 
more systematic and determined effort to organise 
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Table 2.— Total F<</rra/ mv iron mental qnatity program riitcarck and ilmtopnunt^ 
(Fifnirrft in million^ (»f doUnivl 



Air quality 



I!H5n IU70 197 1 



AEC 

CE 1.31 0.2r> 0.04 

USDA 3.90 4.43 4.W) 

DOC I.f^ 1.74 I.JM 

DOD 8.20 7.33 7.52 

DOI 5.38 0.3H 9.28 

DOT 2. GO 0.4H 4.81 

EPA 33.97 4.->.48 54.55 

CSA 0 .11 2.08 

HPW 20 .34 .23 

HUD : 

NASA 45 . 50 1.70 

NSF 4. .59 5.77 5.89 

81 

TVA 20 .19 .19 

ToUl 02.51 79.00 93.92 



WaUr quality 



1909 


1970 


1071 


0.8.'! 


1.49 


3.2.-I 


.38 


.52 


1.20 


0.90 


11..M 


12. lU 


.01 




.94 


.00 


i.a3 


1.13 


1 1 ..V) 


11.59 


13.17 


.80 


4.27 


4.00 


55.09 


53.70 


7.'».02 




.10 


.10 


.10 


.70 


.98 


1.28 


1.05 


1.90 


2.15 


.71 


.95 


1.00 


83.31 


88.79 


115.37 



f^nd qunlity 



1%0 1070 1971 



0.(»r» 0.03 0.03 

.10 .12 .10 

20.04 21.37 21.41 

.10 .20 .20 

10 .20 

H.SO 7.30 7.1!) 

.01 .01 .01 

8.19 8.99 11.40 

0.10 ."1.30 5.00 

.80 .90 l.W 

.20 .30 .10 

42,09 44.71 50.04 



> Fundin< for rcMmreh nn environmenUl quality in thin report mny differ from that reported 
elnewhere, beeauK thi* report esdudes nich coat* as building and operatinic renearch facilities, 
•Up support, launch Tehidca. amtdlites. and aircraft. 



Cndcrntandinx. di^cribinK. 
nnd prcdtrtinic the 
rnvironmcnt 



1909 



1970 



1971 



5.50 


0.70 


8.40 


9.S«.) 


10.93 


13. S9 


22.90 


20.20 


38.90 


9.89 


18.07 


IS.O! 


40.22 


44.43 


19.00 


3.00 


2.30 


3.5«) 



27.30 


23.00 


24.00 


40.08 


73.70 


107.04 


20.11 


34.70 


48.. VJ 


5.00 


9.30 


10.40 


100.49 


249.00 


323.52 



and apply such knowledge to the solution of im- 
portant problems. 

Several agencies with no previous commitment to 
water quality research are now becoming involved, 
in part because of their responsibilities for solving 
water quality problems which originate from their 
own activities. Other agencies for which water quality 
research has long represented an important but 
limited part of their total R. & D. are now giving it 
considerably more emphaas. Such broadening of 
concern could be expected to produce some overlap 
of research activities. The program descriptions pro- 
vide evidence of apparently uncoordinated dupli- 
cative research. The extent to which this represents 
unnecessary duplication is diflScuIt to determine. 
However, there seems little doubt that stronger and 
more eflFective interagency and intraagency coordi- 
nation is needed. 

More intensive use of coordinated interagency 
efforts and multidisdplinary team approaches based 
on analyses of total systems a c also desirable. 
Federal water quality research has benefited from 
the competence found in industry, but the degree of 
industrial coILiboration may not be adequate. In 
any event, university and industry cooperation 
fljhoold be solicited on a more systematic basis. 

An broad areas of water quality problems were 
found to receive some R. A D. coverage. However, 



for many important problem areas this coverage is 
seriously inadequate. More reliable water quality 
criteria for heavy metals, synthetic organic com- 
pounds, and other specific pollutants are needed. 
Baseline data gathering, including monitoring tech- 
niques, could be improved in terms of geographic 
coverage and the number of toxic substances being 
measured. A great deal rcmaias to be known about 
the biologic effects of water temperature and temper- 
ature changes under field conditions. More thought 
should be given to finding beneficial uses of thermal 
effluents. The role of sediments in streambank and 
channel erosion needs to be more clearly defined. 
Increasingly widespread salinity in surface drainage 
watc-fs, and the contributions of plant residues and 
animal wastes to nutrient enrichment pose problems 
that have not had adequate research attention. 

Innovative approaches to waste treatment that 
will remove toxic metals and other harmful ma- 
terials are urgently needed. Prevention of discharge 
of toxic materials is urgently required. Alternatives 
to the use of streams, lakes, and oceans for dis- 
charging municipal wastes and industrial effluents 
must be developed and tested. The possibilities of 
disposing of such materials on forest and agricultural 
soils for recycling have particular promise. 

Mathematical modeling of water quality situations 
is not yet fully utilized elthough it appears to offer 
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suwniary by various FtiU ral agt tiritjt ami purpose, fimtl yutrs lUOV, 11*70^ 1071 
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great promise. Modeling sjrstems are rapidly be- 
coming more sophisticated and can accommodate an 
increasingly large number of variables. Systems 
analysis has a similar potential especially for wasto- 
recycling studies. The necessity for maintaining a 
balance between increasing refinements of modeling 
systems and improving the base of scientific knowl- 
edgt* about parameters that feed into those systems 
should bo kept in mind. 

Recommendations applicable to water quality are 
listed below: 

• More effective methods and more positive imple- 
mentation of intraagency and interagency re- 
search program coordination must be achieved. 

• The total system approach to water quality 
problems, involving close Federal-State-industry 
cooperation, should be more widely utilized. 

• Determined and well-organized efforts should 
be made to identify and apply knowledge ab^ut 
water quality control that is already available. 

• Greater emphasis should be given to developing 
improved waste treatment and alternative waste 
disposal systems. 

• More attention to the development of modeling 
systems is strongly encouraged. 

• Hig^ priority should be given to the following 
research needs: 

• Basdine data with broader geographic coverage 



and representing a greater number of toxic 
materials. 

• Water quality criteria for specific pollutants. 

• Thermal effects on aquatic life. 

• Recycling of municipal, industrial, and thermal 
effluents on the land and in the air. 

• Prevention and control of salinity and other 
mineralization. 

• The role of plant residues and animal wastes 
produced by agricultural activities in cutrophi- 
cation. 

Land Quality 

Land is a vital resource that cannot be permitted 
to deteriorate. Today, much attention is being given 
to reducing the pollution of air and water whereas 
relatively little is being given to reducing pollution 
of the land. Standards have been established for per- 
missible levels of some pollutants; standards for 
others are being developed. Restrictions on pol- 
lutants of air and water have an immediate effect on 
land quality. For example, restrictions on burning 
to improve air quality require alternate methods for 
disposal of wastes, such as cotton gin trash, slash 
from logging operations, and the organic components 
of junked cars. Improved water-quality standards 
require alternate disposal methods for wastes, such 
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as sewage sludge and effluents from industrial pro- 
cessing. 

The social and economic problems a&sociated with 
the collection treatment and disposal of murticipal 
refuse are assuming gigantic proportions. A more 
vigorous, coordinated, and imaginative approach to 
their solution is mandatory. 

Becau.sc of the innreasing restrictions on pollutant? 
of air and water, there will be mounting pressures 
on land as a disposal site. However, land has a finite 
capacity for absorbing and assimilating wastes, and 
ground water quality can be adversely affected. 
Integrated planning and intensified research are 
mandatory requirements if the esthetic qualities and 
productivity of our land are to be improved, or even 
maintained. 

Disposal of animal wastes and sewage sludge on 
land can be expected to increase. The effects especi- 
ally the long-term ones, of repeated applications of 
animal and human wastes on the chemical, physical, 
and biological characteristics of the soil are not 
known. Accumulation of heavy metals from such 
practices is probable. Disposal on land of forest and 
crop residues pose some of the same problems as do 
animal and human wastes. Information is now in- 
adequate to understand the biophysical and bio- 
chemical relationships that occur during residue 
decomposition. 

Mineral and organic junk and urban refuse are a 
blight on the landscape. Studies arc underway to 
improve sanitary landfill methods and to develop 
improved recycling technology. 

Refuse from mining and milling operations and 
denuded land resulting from strip mining contribute 
to the deterioration of land quality. R. & D. in this 
field involves the recovery of valuable materials 
from mining and milling operations and the revege- 
tation of strip mining sites to improve esthetic 
quality and habitat for wildlife and to provide ad- 
ditional areas for recreational use. 

With increasing pressure on land for the disposal 
of various wastes, problems will become more severe. 
Thus, it is critically important that a national land 
policy be developed in terms of local, regional, and 
national planning. Only through such a concerted 
effort can the quality of our land be maintained. 

Recommendations applicable to land quality are: 

• Develop a national land use policy. 

• Mount a more aggressive and innovative attack 
on municipal refuse problems. 

• Increase emphasis on recycling of waste ma- 
terials. 




Understanding, Describing, and Predicting 
the Environment 

R. & D. in this bi-oad area inchidos (1) (^colojiy an<l 
related research, (2) envimnmontal ohstM'vation and 
measurement for describing and predicting w(»ath<M' 
and ocean activities, (3) impact of rnvironuKMit on 
man, (4) locating and describing natural r(\s()urc<\'<. 
(5) HUi-veys to descvil>e the physical envinnun<»nt. 
and (6) weathrr modification. 

An a]>preci{«tion for ecolopic concepts is Incn^asinK 
rapidly. But the total efToit is fragmented amonp 
many agencies with different mi,<sions and n»sponsi- 
bilities. Coordination of ecological investigations is 
critically needed to ix»nnit identification of pnoriti<\'< 
and to provide the knowledge for asking critical 
questions. It i.s recommended that a special critical 
analysis be made of all ecologic n»seareh pmjects 
supported by the Federal Government regardless of 
the subject area in which it is classified. 

Some R. & D. which is carried out by Federal 
agencies and reported elsewhere could have \yovn 
included in this chapter. 

Describing and predicting weather and ocean ac- 
tivities are very complex undertakings. If their 
utility and accuracy arc to be increased, expanded 
research will be needed, particularly for an under- 
standing of atmospheric and oceanic circulation.s. 
Only through increased research and monitoring can 
the interaction of land-sea-air be understood and 
ultimately predicted. Monitoring systems must be 
established and integrated to determine pollutant 
levels and their effects on estuarine and marine 
organisms. 

The study of increasing chronic effects of specific 
environmental pollutants on man, and on other se- 
lected organisms, should be intensified. In a broader 
sense, the impacts of long-term enviroimnental change 
also need investigation. 

Greater efficiency is required in making surveys 
for locating, describing, and monitoring natural re- 
sources. It is recommended that the potential of 
remote multispectral senaing be fully developed for 
natural resource surveys. Particularly needed is re- 
search on the correlation of ground truth with 
spectral signatures so that identification can be 
automated. 

Modeling systems appear to have promise for 
predicting earthquakes and shoreline changes. 

The Federal weather modification program is well 
coordinated and has made great progress in de- 
veloping the fundamental information needed to 
permit significant results. It is reconmiended that 



cxtonsivc applied research l)e coupled with research 
into the legal, sociJ, and economic implications. 
Precipitation management, reduction of damage 
from hail, lightning, and violent storms, and hn- 
provement of visiljility in fogs are possible if funds 
are committed to achieve operational technolog}'. 
Systems approaches and mathematical modeling are 
ix»quiivd components for success. 



Protecting and Enhancing the Environment 

The activities reported under this category lack 
the common orientation of other chaptei*s of this 
report. It includes (1) environmental systems, (2) fish 
and wildlife irsources, (3) recreation resources, (4) 
raral and wildland environment, (5) urban and 
suburban environment, and (6) water rosources. Also, 
problem areas described often impinge upon the 
concerns of other chapters. 

The overall effectiveness of research could be im- 
proved by broader application of the principles of 
good planning. Problems should be more systemati- 
cally defined and evaluated and should be selected 
for study on the basis of explicit and valid criteria, 
with priorities established for specific and attainable 
goals. An appropriate balance should be sought be- 
tween short-term projects to correct existing prob- 
lems and longer tenn activities to prevent future 
problems. Positive action should be taken to insure 
planned coordination and cooperation at the project 
level both within and between agencies through 
mutual funding. Multidisciplinary teams should be 
used where needed. 

Knowledge developed by research is. frequently 
not being used. More effort should be made to carry 
research results through the pilot test phase, to 
mobilize existing information for the development of 
predictive models, and to organise and synthesize 
fragmented information into practical guides for 
management decisionmaking. 

A greater proportion of the wildlife research should 
be directed towavd nongame species, particularly 
those threatened with extinction. The R. & D. sup- 
port for' all other outdoor recreation resources is far 
below that justified by their economic and social 
importance, and the need for better knowledge of 
how to conserve, manage, and use them most ef- 
fectively.:' 

Urban environmental problems are receiving far 
too Uttle attention. All aspects of urban planning 
and development that relate to quality of living 
need increased emphasis. The avoidance of past 



mistakes and satisfying environmental needs in urban 
and suburban expansion should l)e of special concern. 

Recommendations applicable to protecting and 
enhancing the environment are: 

• More systematic, long-range planning, including 
better establishment of program priorities, is 
needed. 

• Better mechani.sms for iasuring coordination 
and cooperation among agencies should be de- 
veloped. 

• Research information and technolog>' should 
be moro promptly and effectively field tested 
and put into operational u.se. 

The following research needs are most critical : 

• A gi'eatly expanded program for protection and 
enhancement of rocreation resources. 

• More attention to nongame birds and animals, 
especially endangered species. ^ 

• Expansion of urban environmental studies. 

Alternatives to the Use of Pesticides 

The R. & D. trend today is toward greater empha- 
sis on biological and other nonchemical methods of 
control rather than the use of pesticides. More than 
one-half of the research by USDA on pests is now 
directed toward nonchemical control. Despite this 
emphasis, the use of pesticides must be continued 
until alternate methods of control are available. The 
detrimental environmental impact of not using pesti- 
cides could be greater than that arising from their 
continued use. Integrated pest control methods used 
in concert should be given more impetus. This will 
require interdisciplinary teams in a systems ap- 
proach. 

Recommendations applicable to alternate methods 
of pest control are listed below: 

• Intensity effort on systems approach to pest 
management, including modeling and integrated 
pest control. 

• Increase research on fundamental biology of 
pest species. 

• Improve remote sensing capability for defining 
pest problems. 

• Assure continued R. & D. at present level to 
permit gradual replacement of pei*sistent com- 
pounds with those of less persistence. 

Noise 

The principal R. & D. effort on noise pollution is 
directed toward controlling aircraft noise at the 
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source. A lesser effort is devoted to noise generated 
by ground-based transportation systems, high-speed 
equipment of various kinds, and to noise arising 
from natural causes. 

Noise levels can be reduced Imt not eliiniimted. 
Continuing research is needed, however, on the re- 
.si)onsc of man and other organisms to infrasonics 
and ultra.sonics. Problems may ari.se becau.sc of more 
sul)tlc effects from continued or i-cpeatcd noise emis- 
sioas. The effect of sonic booms on structures, hu- 
mans, domesticated animals, and wildlife arc being 
studied. 

Expanded area-wide studies are needed to con- 
sider the causes, trends, and impact of transpor- 
tation noise on people and communities. Such studies, 
utilizing appropriate models, would permit con- 
clusions on acceptable noi.se levels, and on the effects 
of noise suppression methods, such as vegetation 
sci-cens, and would provide more useful analytic 
tools for urban plannei-s, vehicle manufacturers, and 
roadway builders. 

Recommendations applicable to noise arc: 

• Expand research to determine the nature and 
degree of hearing damage resulting from con- 
tinuous or repeated exposurc to noise. 

• Increase research with models on noise problems 
in transportation systems. 

• Conduct area-wide studies to determine the im- 
pact of noise on people and on communities. 

Radiation 

Radiation R. & D. for this study was viewed as 
encompassing these activities that will lead to better 
protection of man and his environment from advei-se 
exposure to both ionizing and nonionizing indiation. 
The major effort has been concerned with the evalu- 
ation of radiation effects on man, with particular 
emphasis on expanding the level of knowledge of 
both immediate and long-term rosults of exposure. 
This level of activity is justified and should continue. 
More R. & D. on prevention and control technology 
to avoid radioactive contamination is needed. 

Current programs point out necessary studies for 
future nuclear power plants. Prediction has been 
reliable but is increasingly refined as research pro- 
ceeds. More research to better understand, describe, 
and pi-edict the pathways to man of radionuclides 
in terrestrial, fresh water, and marine environments 



is needed. Generally the effects of radiation on man 
are well known when compared with other pollutants. 

There is an increasing need to evaluate the effec- 
tiveness of treatment systems for radioactive wivstes. 
Land disposal methods offer promise as needed al- 
ternatives to ocean disposal, but they must be care- 
fully developed and tested. 

Recommendations applicalilc to radiation are: 

• Accelerate development of procedures for — 

• l^valuating proposed power reactoi's. 

• A.ssessing their environmental impacts. 

• Incrcasc research on transport and fate of radio- 
nuclides in ecosystems. 

• Develop and evaluate radioactive waste treat- 
ment and disposal systems. 

• Expand program on prevention and control of 
radioactive contamination. 

• Incrcasc research to determine the hazard po- 
tential of human exposurc to current and pro- 
jected levels of nonionizing radiation, such as 
radar, microwaves, UHF radiation, and VHP 
radiation. 

Population 

Population impinges on the many factors affecting 
the quality of the environment. While reliable popu- 
lation data are essential to comprchcnding and coping 
with many environmental pi-obleins, we must avoid 
the gross oversimplification that equates *'environ- 
mental control" with "population control." 

The Commission on Population Growth and the 
American Future in its March 1972 final rcport un- 
doubtedly will include a number of general and 
specific recommendations for research needed on 
population-environmental quality interrelationships. 
Because the Commission will have studied the prob- 
lem in groat detail, and this study was a cursoiy 
analysis, no recommendations are made in the popu- 
lation rcport. Thus far, there has been only minor 
Federal support of research on the population- 
environment interface. However, large-scale Federal 
investments undoubtedly will be required and war- 
ranted to investigate systematically the complex 
interaction of economic, technological, demographic, 
and other social factors that alone and in combi- 
nation affect environmental quality. The interrela- 
tions among population, technology, and industrial 
development arc in particular need of clarification. 
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CHAPTER 3 



Air Quality 



SUMMARY 

The chapter on air quality reports four major re- 
search categories: evaluation of effects, measuring 
and monitoring, prevention and control, and trans- 
port and fate. 

This report includes most air quality research, 
development, and demonstration programs con- 
ducted by Federal agencies during fiscal years 1969- 
71. Research related to the role of noise and radiation 
in air quality appears in separate subchapters under 
special studies and in appendixes 7 and 8. 

The research programs represent an investment of 
$62.51, $79.06, and $93.92 million by the Federal 
Government for fiscal years 1969, 1970, and 1971, re- 
spectively. The breakdown of these funds by agency 
is given in table 3 (p. 19) and summarized in figure 3 
.(p. 18). Two-thirds of the funds have been allocated 
to the development of prevention and control tech- 
nology for stationary and mobile sources of air pollu- 
tion. Major emphasis has been placed on the control 
of sulfur oxides and particulates from stationary 
sources and on the prevention and control on motor 
vehicle and aircraft emissions. 

Evaluation of Effects 

Research on the evaluation of effects of air pollu- 
tion includes programs to develop and advance 
understanding of the nature, duration, and impor- 
tance of effects of air pollutants, singly and in com- 
bination, on man, plants, animals, and nonliving 
objects. Both acute and chronic effects studies have 
been reported. Approximately 14 percent of the 
funds have been allocated to effects research. 

Major research programs include projects to de- 
termine effects of air pollution on human health, 
livestock, vegetation, the food chain, and selected 
natural ecosystems. Recent studies have emphasized 
the effects of SO,, CO2, CO, particulates, NO,, oxi- 
dants, hydrocarbons, and trace metals, singly and in 
combination. Research has included studies of the ef- 



fects of aircraft and motor vehicle cmi«sions of man 
and biota. 

Measuring and Monitoring 

Research classified as related to measuring and 
monitoring inchidcs projects conducted to provide 
new or improved methods for identifying specific air 
pollutants and measuring their concentrations in the 
air. Approximately 15 percent of the funds have 
been allocated to research in this category. 

Prevention and Control 

Research related to the prevention and control of 
air pollution includes studies to discover, develop, 
test, and demonstrate methods and processes that 
will prevent or assist in managing air pollution prob- 
lems and methods to restore local environments that 
may have been harmed by air pollution. Research in 
this category amounts to $38.27, $49.78, $60.48 
million for fiscal years 1969, 1970, and 1971, 
respectively. 

Research on prevention and control technology for 
stationary sources includes the development and 
demonstration of techniques for controlling particu- 
lates, sulfur oxides, and nitrogen oxides from electric 
powerplants and other combustion-related stationary 
sources. Major R & D. programs aim to control sul- 
fur oxides, for example, by dry limestone injection, 
limestone wet scrubbing, ammonia injection, and 
SOx absorption by copper oxide impregnated into an 
alumina support. 

Extensive mobile source control programs have 
been reported. Research is underway to modify 
both aircraft and passenger vehicle engines. For ex- 
ample, projects are being conducted to establish high 
efficiency removal devices for particulates; to verify 
carburetor design requirements for reduced emis- 
sions; and to determine the best materials for con- 
structing a thermal reactor for hydrocarbon and CO 
removal. Work is currently being expanded to im- 



17 



Tablk S,— Summary of fmiUng for an quality rvncarch and 
dcvclopmrni hij various FnUral agmcivs^ fiscal yrars 19G9-71 
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prove the safety of diesel engines operating in under- 
ground mines! Steam and other low-polluting vehicles 
are being developed for transit buses. 

A comprehensive advanced automotive power sys- 
tems program is also in progress. It is designed to 
stimulate the automobile industry to independently 
develop the most promising candidate systems for 



low-pollution motor vehicles while the Government 
continues a Federal U. & D. program through to the 
demonstration of selected systems. Leading candi- 
dates are the gas turbine engine, the Rankine cyc\e 
engine, the stratified charge engine, and the small 
diesel engine. 

Other research that would result in the prevention 
of air pollution is in progi*ess. Fuel cells and high 
energy density batteries are being developed. Re- 
search to improve the design of coal-cleaning plants 
for i-emoving p^'ritic sulfur has been reported. Coal 
is being treated to remove p^Titics and other sulfur- 
bearing consituents by selective grinding. Investiga- 
tions of the availability of low-sulfur fuels are also 
underway. New processes for removing sulfur from 
ores of copper and other metals are being developed. 
Improved processes foi coal gasification and lique- 
faction are also being vigorously pursued. Magneto- 
hydrodynamics combustion tests are being con- 
ducted. Various incinerator designs are being 
investigated, including high temperature, vortex, 
fluidized bed, and pyrolysis units. 

Extensive research to prevent and control air pol- 
lution related to agriculture has also been reported. 
The relationship of soil erosion to air pollution is 
being studied. Research is in progress to prevent air 
pollution by pesticides and by smoke from burning 
crop and forest residues. Studies have been reported 
tp identify the gaseous components from animal 
wastes that cause odor and to develop practices that 
reduce odor from these sources. Methods for protect- 
ing and maintaining adequate shelterbelts to reduce 
air pollution by soil particles are being developed. 
Also, to reduce the odors from pulping wastes, in- 
creased uses of these wastes, and improved pulping 
methods are being sought. . 

Transport and Fate 

Research related to the transport and fate of air 
pollutants includes studies of the physical, chemical, 
and biological processes involved in the initial distri- 
bution, redistribution, cycling, and ultimate fate of 
air pollutants in the environment, including the 
processes by which contaminants are naturally de- 
graded. Approximately 7 percent of the funds have 
been allocated to research related to the transport 
and fate of air pollutants. 

Studies include mathematical systems analyses of 
air pollution problems using various diffusion models. 
Field and laboratory projects to evaluate the photo- 
chemical reactivity of pollutants also have been re- 
ported. Aircraft engine emission dissipation rates are 
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being determined. Investigations of the kineties of 
.smoke and nitric oxides formution under conditions 
found in aircraft gas turbine coinl)u>ition systems are 
being conducted. A .study to analyse the amount and 
fate of persistent pesticides carried l>y air cu indents 
from the luvix of api)lication is also underway. 

I'ield measurements for input to models of the 
effects of heat from large sources such as cities are 
underway. Possible effects inchidc changes in thun- 
derstorm rain and changes in the diffusion and 
deposition of air pollutants. 

Efforts to extend the distanc-c and time ranges of 
transport models and to include the effects of chang- 
ing rural to urban terrain on diffusion are underway. 
These arc necessary to assess the effects of exposures 
of cities, regions, and continents to .small quantities 
of radioactivity. 



ANALYSIS 

It is recognized that the Federal programs, while 
extensive, do not constitute the total national effort 
in air quality research. Many private concerns and 
State and local governments are also expending con- 
siderable resources in this area. Similar work is being 
conducted in other countries. To place some definite 
boundary on the discussion, however, this report in- 
cludes only federally sponsored research, and various 
Federal programs may not be included for lack of 
data. 

Major Trend in Research 
Related to Air Quality 

Analysis of the research indicates that the major 
trend is toward allocating greater amount of Federal 
resources to the development of prevention and con- 
trol technology. Two-thirds of the funds reported to 
the Committee in the area of air quality were related 
to prevention and control This trend results in part 
from the emphasis placed on such research in the 
current Federal legislation. Also, various review 
groups, including the Council on Environmental 
Quality, have recommended that the Federal efforts 
in this area be increased. 

Trends In Intramural vs. Extramural 
Research In Air Quality 

The largest Federal program in air pollution 
R. &. D. is supported by the EPA, particularly 
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through its Office of Air Programs, R. &. D. accounts 
for about half of EPA air poUution control funding. 
This research is supported in-house, by interagency 
fund transfer, l)y grants to universities, and by con- 
tract. Analysis of the proportioning of EPA air pollu- 
tion R. & D. funds indicates that although funds in 
all ai-eas have risen since 1967, the i)orcentage allo- 
cated to in-house work and university gi-ants has 
proportionately decreased. Interagency fund trans- 
fers have increased gradually from about 10 percent 
to somewhat over 15 percent in fiscal year 1971. 
Contract funding has risen to a little over iiO percent 
of the total effort in fiscal year 1971. EPA uses the 
contract mechanism particularly in developmental 
areas such as full-scale demonstration projects; for 
example, processes for sulfur control in utility boilers, 
whose locale must be at the site of the powerplant. 
This has perhaps an added advantage in promoting 
air-pollution control research in the private industrial 
sector. 

The other agencies conducting R. & D. in the air 
pollution area have I'eported that funding is also ac- 
complished by various mechanisms. Much of the re- 
search supported by NASA, for example, is conducted 
in-house. NSF supports a variety of interdisciplinary 
and basic research efforts related to air pollution 
principally through the I'esearch grant mechanism. 
USDA through formula fund and special grants to 
State agricultural experiment stations and schools of 
forestry, also conducts various extramural research 
in addition to the work done in-house. DOI supports 
an extensive in-house program of research related to 
air pollution control associated with mineral resources 
utilization, mainly in the I'egiona.l laboratories of the 
Department. This effort has been a continuing one 
and is now proceeding at an accelerated pace. DOT 
supports in-house and contract research directed to- 
ward reducing air pollution from transportation 
systems and vehicles. 

Relative Priority of Air Quality 
R. & D. Problems and Requirements 

On February 10, 1970, President Nixon sent to the 
Congress an historic message on the environment. In 
part he said, ''I am inaugurating a program to mar- 
shal both government and private research with the 
goal of providing an unconventionally powered 
virtually pollution-free automobile with 5 years." 
In this way the President chose to recognize the 
principal urban air pollution problem of the Nation: 
The automobile. The Congress, in part responding to 
the President's message^ enacted the 1970 amend- 




ments to the Clear Air Art and actually iiuide the 
development of such a vehicle by 1975 a lei;al 
requirement. 

When the various data rcix)rtc(l are reviewed, it is 
clear that the various Federal agencies with ex- 
pertise in mobile source pollution control have i-c- 
sponded to the President's mandate in an almost 
unprecedented manner. The largest program in mo- 
bile source pollution control is conducted by EPA. 
Of particular interest is that EPA, through inter- 
agency transfer, is supporting programs in this arcu 
in DOI and in NASA. All Federal agencies are not 
concentrating on the automobile per se, but the 
technolog}'^ developed b}^ DOT and DOD, for ex- 
ample, for measuring and controlling emissions from 
mobile sources such as aircnift should be of use in 
controlling or measuring emissions from other mobile 
sources. In sum, the Federal involvement in mobile 
source pollution control represents a multimillion 
dollar investment, and a high priority obviously has 
been assigned to these programs by the various 
agencies. 

Another problem area that is being funded in multi- 
million dollar anM)unts relates to controlling emissions 
from stationary sources of air pollution such as 
electric powerplants. Emissions from fossil fueled 
plants are being investigated by DOD, DOI, EPA, 
and TVA. 

DOI and EPA are also conducting an extensive 
program to prevent or reduce air pollution from com- 
bustion-related stationary sources. Improved proc- 
esses for coal gasification and liquefaction are being 
pursued. Magnetohydrodynamics combustion tests 
are being conducted. 

Significant research on stationary sources is also 
being conducted by EPA's Office of Solid Waste 
Management Programs, DOD (both military and 
civil works), NSF, and DOPs Bureau of Mines, re- 
lating particularly to the control of emissions result- 
ing from the incineration of solid wastes. 

USDA has reported various investigations related 
to controlling agriculturally related air pollution. 
For example, projects are underway to determine the 
relationship of wind erosion of soils to air pollution 
and concomitantly to reduce damaging effects of air- 
borne soil particles on seedlings and crop plants. 
Other research is concerned with reducing smoke and 
odors' from agricultural operations. 

Methods to evaluate and prevent air pollution by 
pesticides are being developed by USDA. NSF is de- 
tennining the amount and fate of DDT carried by 
wind from the area of application of the chemical. 
AEC is also conducting an extensive R. & D. pro- 



gram aiinod at unil(»r.st:uuling tlu* transport and Into 
of radioaotivo substances roloa.stnl to ihn air from 
nuclear facilities. 

The various aRoncios have also as.sip;no(l priority to 
the dcvcloj incut of mcasurenuMit and monitoring 
lucthods for various air contaminants. .Mthougli VIVX 
has invested the greatest dollar amount of all agoncios 
reporting work in this arca, almost every Federal 
agency reporting to this Committee is investigating 
some far'^t of this problem. 

.\s noted al)ovc, the significant trend in air (luality 
R. & D. is that the highest percentage of rp.search 
funds reported is Ixjing .spent on the (Icvclopmcnt of 
prevention and (-(mtrol methods. ElTcots research, 
however, is .still l)eing emphasized, particularly iu 
EPA, USDA, and HEW. For example, since exposure 
to atmo.spheric pollutants is considered to be an im- 
portant contributor to the total lung cancer hazard 
of the population, there has l)een an increasing effort 
in this area by HEW's National Cancer Institute. 
Among the air pollutants studied under this pit)gram 
are the polycyclic hydrocarl)ons and related hetero- 
cyclic compounds, tobacco smoke, and a variety of 
airborne dusts such as asl)estos and metal oxides. 
Additional research that will (•ontril)ute to greater 
understanding of the effects of air pollution, but is not 
conducted for that purpose, is included elsewhere in 
this report. 

Integratins and Team Efforts Necessary 

Research efforts in the various air quality programs 
are directly coordinated within the various Fedeml 
agencies, principally through such mechanisms as 
interagency fund transfers. Although parallel efforts 
exist, they are not necessarily detrimental to the total 
Federal effort, provided they are recognized by the 
agencies funding the research. 

A project planned for St. Louis, Mo., represents 
an example of a team approach to the solution of air 
quality 11. & D. problems by various Federal agenc- 
ies. Although plans for the project have not been 
finalized, NOAA, EPA, NSF, AEC, and a diversified 
group of national laboratories, universities, and 
State agencies may participate in this project to 
study the air pollution problem of a single metro- 
politan area and all its ramifi«;ations — chemical, 
meteorological, and biological. 
• Other examples of interagenf^y te.^'m approaches to 
the solution cf air quality problems include a project 
undertaken by. AEC, NSF, and NOAA. Scientists 
from the three agencies have recently increased the 
utilization of the AEC aircraft and balloon sampling 
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system to gain knowledge of present amounts of 
ozone, water, and pollutants expected from super- 
sonic transport (SST) operations. The high altitude 
system exists due to a continuing AEC-DOD co- 
operative effort on radioactivity monitoring for 
stratospheric circulation research. 

Integrating and team approac^hes are particularly 
important when dealing with the private sector. 
DOD, DOT, and NASA, for example, have estab- 
lished a well-i*ecognized program in cooperation with 
the pri\'ate sector in sponsonng defense and aero- 
space ie^^earch. 

In the air quality area, DOT works closely with 
aviation system developers to insure that environ- 
mental considerations enter into the design of major 
projects. USD A has established an extensive coopera- 
tive research program with the various State agri- 
cultural and forest conservation programs. NSF, 
which conducts most of its research related to air 
pollution through the grants mechanism, has also 
established a history of cooperative and integrating 
efforts with private, not-for-profit organizations. 

Integration efforts are also necessary between 
EPA and private industry to develop a low-polluting 
advanced automotive power system as an alternative 
to the conventional engine in the event that the lat- 
ter fails to meet the 1975-76 statutory emission 
standards. 

EPA, through its Office of Air Programs, is also 
presently involved in cost-sharing (50-50) demon- 
stration and pilot plant projects with other Govern- 
ment agencies and private industry to remove sulfur 
oxides and particulates. The demonstration projects 
include (1) dry limestone injection (TV A), (2) wet 
limestone scrubbing (TVA-Key West-Zum), (3) 
catalytic oxidation (Monsanto), and (4) magnesium 
oxide scrubbing (Chemico). The pilot plant projects 
are (1) modified chamber process (Tyco), (2) char 
process (Westvaco), and (3) ammonia scrubbing 
(TVA). 

In addition, research under the direction of the 
Coordinating Research Council Air Pollution Re- 
search Advisory Committee is sponsored by the 
American Petroleum Institute, the Automobile 
Manufacturers Association, and EPA on a cost- 
sharing basis. The four main areas of activity are 
engineering projects, atir >spheric projects, medical 
projects, and in-house progr.ims. The EPA program 
is unique among Federal environmental research 
programs. 

Discussion of needed integrating efforts in air 
quality R. & D. would be incomplete without men- 
tion of the importance of industrial hygiene research 



findings to air (luality programs. In many casjcs,thc 
first indication of the hazardous nature of a particular 
contaminant occin'sin the occupational environment. 
Measuiement ini^tnnnents develoiKjd for the use of 
occupational health and safety |)crsonnel often can \)c 
utilized for air pollution control work. 

The agencies reporting air (luality R. & D. have 
indicated that they recognize the importance of co- 
ordinating air quality and occupational health re- 
search programs. DOI's work in air (luality II. & D., 
for example, is conducted for the most part by the 
Bureau of Mines, wherc significant mine safety re- 
search has been underway fo)' many years. The DOD 
also conducts a variety of industrial hygiene and 
medical research projects on the toxicologj^ of various 
substances, much of which is directly relevant to air 
quality problems. 

Modeling and Systems Approach 

A number of agencies are conducting research in- 
volving mathematical modeling of air quality prob- 
lems. Modeling designed to predict air pollutant 
concentrations likely to occur as a result of various 
meteorological conditions, emission rates, and pat- 
terns is generally based on a diffusion model that 
mathematically simulates the transport of pollutants 
through the atmosphere. Though a single diffusion 
model may be applicable in more than one com- 
munity, no single model is suitable for all sets of cir- 
cumstances. Different types of models also are 
required to predict short-term and long-term pollu- 
tant concentrations. 

The AEC, for example, has developed a model for 
predicting radiation dose to man from a future nu- 
clear industry over an entire region by air, water, and 
a variety of food pathways. One type of model has 
already been applied by the AEC to the upper Missis- 
sippi basin, and another approach is under develop- 
ment using the Chesapeake Bay and its feed rivers in 
demonstration. Among other parameters, the models 
consider the living habits, diets, age, and sex of the 
individuals; the industries and food crops of the area; 
the meteorology of dry and wet deposition of pollu- 
tants; and the artificial and natural radioactivity 
entering and leaving the system. 

To construct improved, realistic models, sensing 
devices of high accuracy, both remote and otherwise, 
will be needed. Additional research also should be 
pursued to determine modeling parameters such as 
vertical profiles of wind and temperature, turbulence, 
plume geometry, and pollutant concentrations. High 
priority should be given to photochemical modeling 
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to l)Ottcr understand the diverse phenomena involved 
in photochonucal snio^. Uosnlts of i^escarch in this 
area arc hoinRappHed to pnu-tical air polhition prob- 
lems through the NATO Conunittoe on the Cluil- 
Icnges to the Modern Society in Ankara, Turkey, and 
Frankfurt, Gennany. Also, some modeling systems 
and field test results currcntly in existence may be 
applicable to modeling and predicting the movement 
of pollutants. 

The need for a systems approach to solving en- 
vironmental problems hasl)een stated o\'er and over 
again by various professional i-eview groups. The 
various pollution control programs of the Federal 
Government must be integnitcd to facilitate the 
application of various ojierations research teclmuiucs 
to the solution of not only air (luality problems hi't to 
understanding the interrelationships of air, water, 
and land pollution, inchiding consideration o; the 
various kinds of chemical and ph^'sical pollutants. 

Where Should R. & D. Attention be Focused 
In the Future? 

Rather than attempt a comprehensive listing of 
gaps existing in the Federal R. & D. effort, one or 
two areas that should receive increased attention are 
discussed here. 

Whether one chooses to analyze Federal air quality 
research in terms of prevention and control, trans- 
port and fate, measuring and monitoring, or effects, 
it seems that greater priority should be assigned to 
research programs aimed specifically at understand- 
ing the action of various pollutants in combination 
and the resultant effect on man and his environment. 

A primary goal of air pollution control, for ex- 
ample, is to obtain an in-depth understanding of 
chemical transformations and the distribution and 
fate of pollutants from the time they are emitted 
from a source to the time they arc removed from the 
atmosphere by a sink. Greater attention should be 
focused on this subject in the future. 

Programs to develop prevention and control tech- 
nology for mixtures of various air pollutants should 
also be expanded. It is well recognized, tor example, 
that the presence of lead in gasoline destroys the 
utility of catalytic control methods. Similarly the 
presence of certain plastics in municipal wastes can 
affect the operation of incinerator effluent control de- 
vices. Although these specific problems are being in- 
vestigated by the agencies, many other problems of 
this nature likely exist. 

Synergistic or other interactive effects of combi- . 
nations of air pollutants should be given priority 



attention. Major attention has l)een focused on the 
combined health cfTccts of SO,, and particulates, for 
example, but additional research of this nature 
should l)e vigorously pursued. Until the air pollu- 
tion problem is abated by adc(|uate control at the 
sources, additional R. & D. to provide the necessary 
.scientific and technical ha.sis to adequately protect 
health and welfare mu.^t be continued. Research on 
the health effects of variou^i contaminants must con- 
tinue to be stressed .so that realistic evaluations of 
the ade(|uacy of standards can l)eiha(lc. 

Increased attention .should Ik? given to the jiotcn- 
tial for interactive effects on man, biota, and struc- 
tures from a combination of physical, .such as noise 
and radiation, and chemical pollutants. A compara- 
tively small amount of research is iKjing conducted 
in this area. EPA, for example, has supported re- 
search on the combined cfTccts of certain i^esticides 
and ionizing radiation, .\l.so, synergistic effects of 
smoking and the inhalation of pollutants from di- 
versified industrial activities have l)een studied. For 
example, epidemiologic studies of undeiiground 
uranium miners have shown that a synergistic effect 
may result from the continued exposure of smokers to 
high radon daughter concentrations. 

The development of measurement methods for 
combinations of chemical pollutants is receiving some 
attention. EPA, for example, is developing a single 
multichannel analyzer, which will analyze vehicle 
exhaust for carbon monoxide, carbon dioxide, hy- 
drocarbons, and nitrogen oxides. NASA has reported 
similar work. However, accurate, low-cost, portable 
instruments for field use are urgently needed. 

Although perhaps somewhat outside the scope of 
this Committee, it is believed that a more compi-e- 
hensive and detailed program of research in basic and 
applied economics is lu-gentl}- required since these 
considerations are an int3gral and important part of 
a rational national attack on our air pollution prob- 
lems. For example, DOT is supporting a study of the 
probable social, economic, and technical impacts 
that might result if it l>eeomes necessary to change 
from mass production of the internal combustion 
engine to mass production of nonconventional low- 
polluting power systems for motor vehicles. 



New Legislation 

The Clean Air Act Amendments of 1970 will sig- 
nificantly increase 11. & D. activities throughout the 
Nation. Included will be research on the diverse 
health effects directly traceable to air pollutants; 
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preparation and publication of air quality criteria tive stationaiy source technology-; and acceleration 
and associated control techni(|ues documents; moni- of inul)ile source pollution control technology- (in- 
toring of air polhUants; development of more cffec- eluding aircraft). 
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CHAPTER 4 



Water Quality 



SUMMARY 

The total Federal R. & D. effort in water (luality 
in fiscal year 1971 is Slir).37 million carried out by 
12 Federal agencies with over 04 percent of the pro- 
gram being administered by EPA. The water (|Uality 
program is presented on the basis of pollution sources^ 
that iSf agricultural y industrial, mining, municipal, 
and other sources, with special reference to control 
technology. The programs are also presented on the 
basis of salinity research, thermal research, waste 
treatment and ultimate disposal, water quality, and 
water quality requirements research. 

Figure 4 (p. 26) and table 4 (p. 27) summarize 
the funding of each of these categories by each of the 
Federal agencies involved in water quality R. & D. 

Agricultural Water Quality Control Technology 

This R. & D. program involves development and 
demonstration of technology for effective and eco- 
nomic control of water quality from agriculture, 
forestry and logging operation, irrigation return flow, 
rural runoff, and animal feedlots. Procedures are 
being developed to reduce runoff of fertilizers, pesti- 
cides, and dissolved organics that leach from plant 
residues and to completely eliminate pollution from 
animal feedlots through recycling of waste constitu- 
ents. Research is being supported on increased bene- 
ficial use of crop and forest residues, including their 
use to prevent soil erosion. Research on liquid wastes 
from processing raw agricultural products is being 
undertaken to show effectiveness of land disposal or 
application by sprinkler or furrow irrigation to 
fertilize crops. Byproduct recovery and utilization 
and improved harvesting and processing are being 
studied. Mathematical models are being developed 
for predicting nutrient movement in soil and for 
studying processes of nutrient cycling. 

Industrial Water Quality Control Technology 

The objective is to develop economical technology 
for complete control of industrial waste discharges. 



Xcw or improved .sy.stc»ms for .significantly reducing 
wa.ste have been denu)n.st rated for nictnl plating 
.shop.s. .steel mills, food processing plants, pulp and 
paper mills, organic* chemical phUits, and petroleum 
refineries. The program includes pretreatment tech- 
nitiucs for .safe discharge into nuuiicipal systems, 
closed-loop system,s to eliminate industrial wa.stc, and 
renovation and reuse of waste waters and byproduct 
recovery. 

Mining and Related Water Quality Problems 

This R. & D. program is l)eing supported on elimi- 
nation of water pollution caused by extraction and 
preparation of minerals, including coal, copper, other 
metals, oil, phosphate, rocks, sand, and gravel. A 
major effort is placed on treating coal mine acid dis- 
charges, including desalting processes to provide 
fresh water for municipal and industrial use; on de- 
veloping new methods for sealing mines; and on evalu- 
ating new mining methods and techniques to rcduce 
discharges. 

Research is also conducted to find ways of modify- 
ing processes for converting animal, crop and timber 
products so that wastes are reduced. Development 
of technology for byproduct recovery is an important 
aspect of this experimental work. 

Municipal Water Quality Control Technology 

R. & D. involves improving or lowering the cost of 
treating and enhancing effluents from municipal 
sewage, storm sewer discharges, combined storm and 
sanitary overflows, nonsewered runoff, and joint 
municipal/industrial wastes. Major emphasis will be 
on using existing technology for sewage treatment 
and for development of technology for removal of 
phosphoruSi bacteria, viruses, nutrients, and re- 
fractory organic wastes. The in-sewer treatment of 
sewage for individual and clusters of homes will con- 
tinue, increasing efficiency of municipal systems, as- 
signing constraints on industrial loads, and studying 
the impact of urban storm water discharges. 
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Table 4.- 


-Summary of fuwUng for waUr QtiaUty rt 


search and iUvclopmcnt by various Federal agencus^ fiscal years 1969-71 
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Total all acendea: 

1909 6.62 10.28 3.43 

1970 9.20 8.66 2.75 

1971 9.14 7.73 4.68 



12.48 5.53 2.95 3.59 
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10.25 16.88 3.38 8.42 



13.15 21.23 4.05 83.31 

9.42 24.14 5.49 88.79 

8.06 36.66 10.38 115.37 



' Th6a« AEC figures are not included in the totals, hut are included in the radiation section of the special studies. 

< Expenditures relating to thermal Pollution ohtained from OST report *'The Effects and Control of Heated Water Discharges." 



Other Water Quality Preblems 

R. & D. is conducted to develop and demonstrate 
technology for control of water quality related to 



recreational activities, watercraft, construction pro- 
jects, impoundments, salt water intrusions, natural 
pollution, dredging and land fill, and spills and dis- 
charges of oil and hazardous materials, including 
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IKisticidcs, herbicides, and heavy motals. Major 
elTort by *scvcral aj;ciu'ie.s i.s on the problem of oil 
spills and dean up, indiuling development of toeh- 
niques for detecting, chemical treatment, spill control 
equipment, high-depth tanker design, floating bar- 
riers, sorbent, and other systenvs. Sediment control 
research and development involves sediment trap 
effieien(!y of improved reservoirs, sediment transport 
and deposition, erosion control, and the study of the 
carrier role for phosphorus and pesticides. Research 
is supported on biogcochcmistry of heavy metals in 
fresh water and the ocean. Research is conchieted on 
overgrowth of algae and aquatic plants and herbi- 
vores and herbicides for their control. 

Salinity Researcli 

K, & D. studies on desalting plants include de- 
velopment of intake stmctures and antifouling de- 
vices to minimize the amount of marine life present, 
the ecological elTccts of introducing large quantities 
of waste brine, and the .synergistic effects of increased 
salinity and copper and high temperatures. Studies 
are supported to convert gcothcrmal brines to de- 
salted water, to recover useful byproducts, and to 
dispose of wastes safely. Solar ponds for evaporation 
and deep wells for ultimate disposal are being studied. 

Dissolved salts in irrigation water present a serious 
problem, and methods are being studied and de- 
veloped to better control salinity, minimize evapo- 
transpi ration, and control phrcatophytes and seep- 
age. Effects of salt tolerance are being studied in 
areas where.salt water must be used. The problem of 
saline intrusion from the oceans into fresh water sur- 
face and ground systems and the land is also a serious 
problem. 

Tliermai Researcti 

Research is conducted to study the causes and 
effects of thermal changes to streams, estuaries, and 
lakes especially those stemming from nuclear and 
fossil-fueled powerplants. Research includes studies 
of seasonal changes, urbanization, stratification, 
diffusion,' mixing, evaporation, circulation, measure- 
ment techniques (including remote sensing), and the 
effects of increased temperature on the survival, 
growth, and reproduction of aquatic organisms and 
ecosystems. Mathenuttical and physical models are 
being developed to predict temperature distribution. 
Studies are underway on constructive use of waste 
heat for agriculture and aquaculture and on 'the in- 
creased value of such water for recreation, industry, 



and dwellings. The ui>c of air dilTuscr systems and of 
submorj^cd weirs is l)cing invc\stij;atcd to dctorniinc 
clTects on temperatures in stratilicd lakes. 

Waste Treatment and Ultimate Disposal 

DilToront methods of waste treatment and control 
are being studied, including development of method.^; 
to remove nitrogen, to handle sludges and brines, to 
renovate and reuse waste water, to remove and acki to 
the water, to prevent and control scale, to remove 
iron and manganese, to control pH, to use for purifi- 
cation, to improve shipl)oard sewage control, to im- 
prove disinfec'tion methods, and to develop proce- 
dures for tertiary treatment. Research is supported 
on irradiation of water, sewage treatment in cold 
regions and reclamation of photographic film wash 
water. 

General Water Quality Researcti 

Water quality research in this area covers a broad 
range of characterization and ((uantification of the 
determinants of water quality including sources, 
kinds, amounts, prevention, control, ctTccts, reclama- 
tion, and fate of pollutants, mixing, sedimentation, 
erosion, and sorption .studies, research on water 
cycles and hydrologic systems research. U. & D. pro- 
grants include development and standardization of 
detection and identification methods, especially 
those for trace constituents such as heavy metals and 
bioeides and tran.sport and cITccts of the contami- 
nants. Methods of monitoring, including develop- 
ment of remote sensing methods arc being studied. 
Research on control of eutrophication by advanced 
waste treatment, nutrient removal, weed har\'csting, 
and chemical inhibition is being studied. Demon- 
stration of these methods is being attcm])tcd in 
several areas. Research in waste treatment is directed 
toward physical, chemical,, and biological improve- 
ment of the quality of effluents and towaixl innovative 
methods to remove undesirable elements. Studies are 
supported on reacration of waters to increase oxygen 
and prevent stratification, use of herbicides, and 
cfTccts of high evaporation on salt levels. Mathemati- 
cal and physical models are being developed to better 
understand complex systems and the transport and 
fate of water and pollutants in water bodies and 
watersheds. 

Water Quality Requirements Researcti 

This program provides the scientific basis for es- 
tablishing improved water quality standards and for 
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predicting the water quality effects of the nmny new 
substances being constantly introduced into the 
water environment. Research involves all water uses, 
but especially the effects of pollutants on aquatic 
organisms. It is assumed that standards adequate to 
protect aqiiatio life will probably provide water 
quality suitable for other water uses. Research in- 
cludes the establishment of water quality criteria for 
heavy metals, pesticides, hydrocarbons, petrochemi- 
cals, dissolved oxygen, complex industrial chemicals, 
and temperature. 



ANALYSIS 

The first annual report of the Council on Environ- 
mental Quality points out that institutional and 
management changes affecting our use of water play 
a role at least as important as scientific research 
in solving our national problems in 'this area. 
A major role for water pollution research, therefore, 
is to support water management by .supplying toolp. 
for the development of a strong and coherent policy 
for achieving high water quality. These tools take 
two principal forms: (1) Developing a sound scientific 
base of information for making regulatory decisions 
and (2) developing systems and technology for solv- 
ing specific water pollution problems. 

A review of Federal water pollution control pro- 
grams points out the complexity of the problems in- 
volved, the large number of Federal organizations 
that have activities in this field, and the significant 
number of differing research approaches that are 
being taken. 

The level of effort of water quality research and 
development for 12 different Federal agencies was 
$83.31. million in fiscal year 1969, $88.79 million in 
fiscal year 1970, and $115.37 million in fiscal year 
1971. In fiscal year 1971, about 42.5 percent of the 
program involved source pollution control tech- 
nology, 31.5 percent multisource water quality con- 
trol technology, and the remainder (26 percent) 
waste process technology, water quality require- 
ments, and thermal and salinity research. 

There appears to be a research and development 
trend toward widening a known research base, apply- 
ing existing knowledge and technology to long- 
neglected problems, optimizing existing technology, 
reducing cost, and other management problems. The 
research focus is on providing input to the current 
surge of regulatory and control activity. This empha- 



sis on current and short-terin needs may result in 
temporary switches in research attention when att(»n- 
tion is di^awn to a toxic sul)stan('(! or polhition issue 
that catches the interest of the news media or the 
l)ublic. Environmental research is especially respon- 
sive to political pressures and public concern and vmv 
must be taken not to neglect long-term needs. 

There are few broad areas of water quality research 
activity remaining that are not now the object of 
some research attention; the adequacy of this cover- 
age varies a good deal*. There is, for instance, in- 
sufficient research on levels of those suh.stances that 
do not interfere with water uses. Further knowledge 
needs to be developed on the biological effects of 
temperature and tempemture changes on various 
water systems, the role of sediment in strcambank 
and channel erosion, and the magnitude and signifi- 
cance of dissolved and .suspended material originating 
from plant and animal .soiu'ces that enter water 
courses. New methods should be explored for dis- 
posing of saline drainage water to avoid degrading 
existing water resources. Processing methodology 
needs to be improved for greater emphasis on recycl- 
ing or closed-loop systems. There is a definite need 
for greater involvement of new technology such as 
remote sensing in pollution surveillance and detec- 
tion, including development of sensors for relevant 
pollution parameters. 

There is agreement on the part of governmental 
organizations that the problem of ultimate disposal, 
su(ih as deep wells or ocean dumping is receiving in- 
adequate research attention and should be looked at 
from a broader environmental perspective. With the 
increasing use of nuclear plants and their associated 
relatively high thermal discharge, the problems of 
thermal pollution will undoubtedly continue to re- 
ceive increasing attention. Translated into terms of 
actual projects, there will be a step-up in studies of 
the various technologic and economic options for 
cooling and the biologic effects of tempemture change. 
Innovative research is needed in applying thermal 
effluents to beneficial uses, such as space heating, 
alleviation of ice conditions hindering shipping and 
extending the season for irrigation crops. Increased 
regulatory authority will require expanded research 
to develop water quality criteria for specific pollu- 
tants, such as heavy metals and s3n[ithetic organics, 
and for monitoring to establish reliable baseline in- 
formation on water quality. Increasing pollution of 
the oceans will require further research on the effects 
of discharges from such activities as dumping of 
shore-generated wastes and exploitation of seabed 
resources. 
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Many actual or potential water quality problems, 
such as those resulting fron^ detergent constituents, 
are not associated with point discharges and may re- 
quire source control by restriction of manufacture or 
use. Such control would require research to develop 
criteria for defining what constitutes an environ- 
mentally hazardous substance and for screening 
materials for potential environmental effects. Cur- 
rent emphasis is on known problems. Incrcased at- 
tention is needed for a capability for predicting water 
quality issues. As waste treatment becomes more 
effective and reuse of renovated water more neces- 
sary, specific criteria will be needed to establish 
guidelines, especially in the public health area, for 
the uses to which such waters are put. 

The Federal water quality programs were reviewed 
in light of comments by various groups. The recom- 
mendations for Federal water quality R. & D. from 
many private and government organizations, com- 
mittees, and testimonies clearly request a greater and 
more imaginative program in certain areas than the 
Federal agencies are conducting. These i-ecommenda- 
tions not drawn from individual departments have 
been summarized as follows: Water should be pro- 
tected from pollutants. Since water is reused, more 
knowledge is required on the effects of waste treat- 
ment processes on harmful substances and organisms 
and on the compositional amounts of wastes intro- 
duced by industr}^ An inventory of industrial wastes 
is recommended. New and innovative approaches 
should be made to supply treatment. More knowledge 
on effects of water treatment on heavy metals, 
viruses, and others is required. 

There is genuine alarm concerning the inadequacy 
and poor results obtained by present archaic methods 
of waste treatment. This is based on concern that 
present primary and seeondaxy methods do not re- 
move nutrients, toxic heavy metals, and disease 
pathogens from the effluent, and they do produce 
large quantities of sludge that cause a severe pollu- 
tion problem. New and innovative approaches are 
recommended, including recycling of waste with 
creative beneficial use of both effluent and solid 
sludge for fertilization and other uses but at the same 
time preventing water pollution. 

Other recommendations include: Increased studies 
of effects of pollutants, including oil or organisms, 
especially in estuaries; increased studies on conserva- 
tion and increase of water in semiarid regions; and 
improved knowledge and methods for handling oil 
pollution. 

A very large proportion of Federal agency budgets 
deals with water quality related to construction of 
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facilities and other activities using known tech- 
nology. The proportion of funding devoted to re- 
search i.s relatively small, and inrreasc in levels of 
support is sorely needed.^ The cost of providing ade- 
quate mmxieipal waste treatment is estimated at 
about SIO billion per year. 

A Federal cxpenditme of S4 billion per year was 
recommended to match municipal expenditures. (End 
of recommendations from outside groups.) 

While the increase and broadening of environ- 
mental concern may have led to some overlap of 
research activities, it is difficult to determine the 
degree to which such overlaps could represent un- 
necessary duplication. In the case of pesticides and 
oil pollution, for example, interagency gi'oups exist 
that have coordination as one of their primary func- 
tions. From the program descriptions provided, how- 
ever, there is a high probability that at least some 
research is undesirably duplicative. A project by 
project comparison would be needed to confirm this. 

More intensive use of coordinated efforts and inter- 
disciplinary team approaches and a clearer definition 
of the responsibilities of various agencies are neces- 
sary in water pollution. Although there are some 
obvious examples of meaningful specific cooperative 
programs, such as the EPA-DOI support of water 
research information transfer and interagency groups 
existing in fields such as oil pollution and pesticides, 
a review of program descriptions inrl^rites greater 
need for interdisciplinary team approaches and more 
detailed coordination in certain critical areas of pollu- 
tion. Oil pollution cleanup also appears to receive 
an unbalanced amount oi atteirtion from various 
government agencies. 

Physical and mathematical modeling, and combi- 
nations of both, are being used to some extent. How- 
ever, a strong case can be made for greater reliance 
on these techniques in studying the effects on ecosys- 
tems. These models are rapidly becoming* more 
sophisticated and contribute to avoiding or lessening 
future water pollution problems. Systems analysis has 
similar potential in underlining the basic unity of the 
environmental structure. A greater reliance on the 
syste.'us approach is especially leeded where there is 
a promise of reclaiming waste water or recycling po- 
tential pollutants that now add to the load of unde- 
sirable inputs to our water. Because t^his type of 
analysis requires reliable data and information of 
water quality interactions, concurrent emphasis 



' The agencies themselves did not report an imbalance 
between monies spent for construction of facilities and 
reselEurch. See lost page of this chapter. 



should be given to develop relevant data for input to 
models. 

While there is Rcncral agreeinoiit that funds spent 
for water quality U. & D. shouUl he greatly increased. 



thei'e is no dear evidence, from the programs de- 
scribed in this report that the relative balances of 
suppoi't now going for R. & D. as opposed to con- 
stmction of facilities should be significantly altered. 



CHAPTER 5 



Land Quality 



SUMMARY 

Thh chapter describes the 11. & D. currently con- 
ducted by Federal agencies relating to land quality. 
The total effort represents both intramural and 
extinmural R. & D. 

Figure o (p. 33) and table 5 (p. 34) summarize 
the funding of each of these categories by each of the 
Federal agencies involved in land quality R. & D. 

Historically, the quality of our land always has 
been an important concern. Before the present em- 
phasis on environmental quality, concern centered 
primarily on erosion— the process of losing fertile 
topsoil to the ravages of wind and water. Within 
recent times, however, emphasis has shifted to pollu- 
tion of land. Erosion is still a problem » but is now 
but one element of a much broader awareness that 
the land resource must be protected. 

Pollutants contributing to the potential deteriora- 
tion of land quality include pesticides that resist 
degradation, inorganic salts that accumulate and 
cause phytotoxicity, plant nutrients in the form of 
fertilizers that have secondary adverse effects on 
water quality, animal wastes, industrial processing 
wastes, heavy metals, crop and forest residues, and 
radioactive nuclides. Some of the pollutants have 
direct effects on land and its capacity for primary 
production. Others have secondary effects on the 
quality of surface or ground water, or on the quality 
of air. Solutions to problems relating to land quality 
can be solved only by a concerted effort on all aspects 
of the environment. 

In tonnage, sediment arising from water and wind 
erosion is still the primary pollutant. Complete con- 
trol of sediment will never be possible. It is possible, 
however, to reduce the amount of sediment by the 
maintenance of adequate vegetation on land and by 
the creation of wind barriers to reduce water and 
wind erosion. Effort in this area must not be per- 
mitted to decline as emphasis on other pollutants 
increases. 

Persistent pesticides are a pollutant of land and 



also of water and air. Considerable R. & D. effort is 
underway on nonchemical methods of pest control. 
Nonchemical methods include biological, mechanical, 
and cultural control. Other methods, such as attract- 
ants, repellents, regulators of growth and develop- 
ment, and pheromones, are partly chemical and 
partly biological. Nonchemical methods of pest con- 
trol offer much promise in the future. There is 
agreement, however, that chemical pesticides will 
continue to be necessary to insure adequate agricul- 
tural production and to protect human health. A 
systems approach to pest control holds the most 
promise for the future. Integrated use of chemical, 
biological, mechanical, and cultural control must be 
fostered in order to reduce the amount of chemicals 
being introduced into the environment. 

Animal wastes are an increasing concern. To main- 
tain economically competitive positions, producers 
have had to specialize, automate, and increase the 
size of their operations. This has resulted in greater 
concentration of livestock, and thus a greater con- 
centration of wastes into a small area. Land is the 
only reasonable disposal site. A better understanding 
is required of the reaction of animal wastes in the 
soil. High concentrations of animal wastes may re- 
duce the productive capacity of the land. 

Recent restrictions on disposal of sewage sludge in 
water will result in increased disposal on land. At- 
tendant problems parallel those of animal \vastes. It 
is unreasonable to expect that animal and human 
wastes can be repeatedly applied to land without ex- 
periencing problems; for example, the accumulation 
of heavy metals. Land has a finite capacity to absorb 
and assimilate wastes. Accelerated research is criti- 
cally needed to solve problems that will surely arise 
in the future. 

Soil salinity will become a more serious problem as 
the acreage under irrigation increases. Acreage of 
land under cultivation has decreased in recent years. 
Irrigation is one of the factors involved in increased 
production per unit area. 

Forest and crop residues pose some of the same 
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FIGURE 5.— FEDERAL R&D FUNDS 

LAND QUALITY by Program Area, FY 1969, 1970, 1971 
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Table 5. — Summary of land quality research and development for various Falera! agencies, 

fiscal years 1909-71 ' 



(Figures in millions of dollar»l 
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ARcncyand wasies and crop Heavy procensinR ddcs imtri- Sallniiy mciit SoUtl (unclftHsiifiod) Toltil 

fiscal year research residues metals wastes research cnls rewarcli research waslcs land <|Urt!ity 

rcscnrch 



AEC: 

1909 0.05 



o.o:> 



1070 .03 .O:) 

1071 03 .03 

CE: 

1000 0.10 .10 

1070 12 .12 

1071 0.03 13 !lfl 

U8DA: 

1000 0.49 2.30 0.00 .19 8.68 2.33 0.70 3.03 1.42 1.32 20.tt4 

1070 00 2.51 .00 . 21 8.00 2.38 . 80 3.15 1.G3 1.32 21.37 

1071 92 2.SS .00 .22 0.81 2.00 .85 3.37 2.20 1.50 24.41 

DOC: 

1060 10 .10 

1070 .20 .20 

1071 .20 .20 

DOD: 

1060 

1070 ''lo" 'io' 

1071 .20 .20 

DOT: 

lOOO 2.40 4.40 0.80 

1970 2.40 4.00 7.30 

1071 2.00 4.69 7.10 

DOT: 

1909 .01 .01 

1970 - 01 .01 

1971 01 - .01 

EPA: 

1900 •. 8.19 8.19 

1070 8.09 8.00 

1071 11.40 11.40 

HEW: 

1060 6.10 0.10 

1070 5.30 6.30 

1071 6.00 6.00 

N8F: 

1900 10 .10 . 00 .80 

1970 10 .30 .69 .99 

1071 .60 .45 . 09 1.64 

TV A: 

1969 .20 .20 

1970 .30 .30 

1971 .10 .10 



Total all agencies: 



1969 


.49 


2.36 


.16 


.39 


17.23 


2.33 


.76 


3.13 


14.22 


1.92 


42.99 


1970 


.60 


2.51 


.16 


.61 


16.42 


2.38 


.80 


3.27 


16.16 


1.91 


44.71 


1971 


.92 


2.88 


.56 


. .35 


18.04 


2.60 


.86 


3.60 


19.05 


2.19 


50.04 



problems caused by human and animal wastes. In- 
formation is now inadequate to understand the bio- 
physical and biochemical relationships that occur 
during residue decomposition. 

Radioactive substances in the land result from 
fallout after nuclear explosion, from. power reactors 
for power or propulsion, and from other sources of 
manmade radioactivity. Considerable research is 
being conducted qn the fate and effect of radio- 



nuclides in terrestrial systems on such biological 
processes as behavior, food production, succession, 
migration; and reproduction. Studies are continuing 
to determine more precisely the effects of radiation 
on biological populations including man. 

^lineral and organic junk and urban refuse are a 
blight aa the landscape. Studies are underway to 
improve the technology for sanitary landfills and to 
improve the opportunities for recycling. 
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Refuse from mining ami milling o]X?rations and 
clonudcd land resulting from strip mining contribute 
to the deterioration of land quality. R. & D. in this 
field involves the recovery of valuable materials from 
mining and milling o))erations and the revegetation 
of strii)-miningisitos to improve esthetic quality, to 
provide habitats foi* wildlife, and to provide addi- 
tional areas for recreacicyiial use. 

With increasing pressure on land for the disposal 
of various wastes, problems will become more severe. 
11. & D. efforts in the future must be geared to solu- 
tions of problems before they become severe. Thus, 
it is critically important that a national land policy 
be developed in terms of local, regional, and national 
planning. Only through such a eoneentrated effort 
can the quality of our land be maintained. 



ANALYSIS 

The pervasive public concern about environmental 
quality extended to the land after initially expressed 
eoneem regarding the deterioration of air and water 
quality. Today there are standards governing air and 
water quality, but no standards have been developed 
for land. Historieally, water has been the preferred 
sink for the disposal of wastes. Inereasing restrictions 
on pollution of water mean that increasingly more 
attention will be given to land for the disposal of 
wastes. Land has a finite capaeity to absorb and 
assimilate wastes. Thus, it is important to establish 
guidelines and develop standards soon, so that the 
insult of pollution to the land ean be kept to a mini- 
mum. For example, sewage sludge and urban refuse 
eontain heavy, metals. Repeated applieations to land 
may result in heavy metal aeeumulation to the point 
of phytotoxieity. 

The potential for inereasing deterioration of land 
quality was well reeognized by President Nixon in 
his February 8, 1971 message to the Congress on en- 
vironment. In that message he urged the develop- 
ment of a National Land Use Poliey. Sueh a policy is 
vital for wise land use in the future. Particularly 
important is a policy for regional planning. Attitudes 
and objectives of local and State governments often 
are not the same. This has often hindered regional 
planning in the past and will do so in the future 
unless some common objectives and goals are 
established. 

Land pollution problems of the past centered 
primarily on sediment » erosion, salinity, and forest 
and crop residues. As technology increased, a shift 
occurred to pesticides and animal wastes as land 



pollutant.s of primary concern. These will continue 
as problems for the forcseeable future. Recently, 
there has been increasing concern about heavy 
metals, such as mercury, lead, and cadmium. Al- 
though the R. it D. specifically directed toward 
heavy metals is small, other work on them included 
within the classifications of industrial wastes, solid 
wastes, and pesticides is substantial. 

Requirements for fertilizer management systems 
that will keep water polhition to a minimum will 
increase with time. The question of ol)taining sus- 
tained maximum production without causing enrich- 
ment of waters remains to be solved. The factors 
responsible for enrichment of runoff waters must be 
identified and evaluated. 

The problem of disposal of urban wastes will in- 
tensify in the future if the pattern of increasingly 
greater urbanization continues. Assuming that it 
does, additional research is needed to determine the 
value of municipal compost for inereasing crop yields, 
maintaining tuif, and reclaiming or stabilizing barren 
soils; its value as a soil amendment, the capacity of 
the soil to accept large volumes of compost without 
adverse effects, and the views of compost users con- 
cerning the value and problems relating to compost 
use. 

Integrated efforts among diverse scientifie disci- 
plines are needed to solve land pollution problems, 
which are expected to become more severe in the 
future. Because the capacity of the land to accept 
and assimilate pollutants is finite, increasingly 
greater attention must be given to recycling. The 
variety of land pollutants is diverse, their physical 
and chemical properties are diverse, and their effects 
on soil, surface and ground water systems, air, and 
the biota are diverse. Thus, the solution of problems 
will require a fully integrated, interdisciplinary 
effort. 

There is inereasing appreciation for the concept 
that no element of the environment is independent 
from the others. If that concept is accepted, the value 
of using mathematical and physical models and a 
systems approach to the solution of problems be- 
comes self evident. In many eases, the fundamental 
information on which modeling and systems analysis 
are based is not yet available. However, complete 
information never will be available, there are merely 
relative degrees of adequacy. Thus, the lack of spe- 
cific bits of information should not deter an acceler- 
ated effort in modeling and systems analysis. All 
disciplines and techniques should be brought to bear 
on what is now a difficult problem and has the poten- 
tial for becoming more serious in the future. 
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Prinmry emphasis in the future should be plaeed 
on those pollutants that represent a potential hazard 
to man's health. Seeondary eonsideration should be 
given to those polhitants that adversely afTeet man's 
welfare and his environment. Implieit in these pri- 
mary and secondary considerations is the fact that 
our society does not permit tradeoffs in terms of 
human health. Where man's welfare or the environ- 
ment is concerned, however, the benefits and risks of 
given practices must be weighed so that society 
realizes the greatest good at the least cost. To follow 
this broad definition of priorities will require a con- 
tinuing analysis of land pollution problems. What is 



not known to be a health hazard today may become 
known as one tomorrow. 

An attitude of environmental concern throughout 
society has been long awaited. Our ccmcern must re- 
main rational and progressive. The environment in- 
cludes not only air, water, and land, but also the 
biological organisms, including man, that occupy the 
three media. Such a broad definition requires that 
our future activities be designed for the improvement 
of total environment. We cannot permit an overly 
protective attitude toward one component of man's 
environment if other components arc adversely af- 
fected in the process. 
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CHAPTER 6 



Understanding, Describing, 
and Predicting tlie Environment 



The objectives of Federal R. & D. activities in this 
area are to provide the required understanding of the 
environment to permit man to fully utilize his en- 
vironment and natural resources without degrada- 
tion or destruction and to maintain good quality and 
esthetics. This requires a broad understanding of the 
environment, including climate, ecological processes, 
the effects of man, and a multitude of other interre- 
lated factors. Predicting qualitative changes in the 
environment requires even more detailed knowledge 
of critical factors and processes and may require 
mathematical or physical models and long experi- 
ence. Understanding, describing, and predicting the 
environment are all necessary to permit proper en- 
vironmental management. 

The areas that have been included are ecology and 
related research, environmental observation and 
measurement to describe and predict weather and 
oceanic activities, impact of environment on man, 
locating and describing natural resources, surveys to 
describe the physical environment, and weather 
modification. 

The levels of support for this area have increased 
from $199.49 million in fiscal year 1969 to $249.99 
million in fiscal year 1970, and to $323.52 million in 
fiscal year 1971. These funds are broken down by 
agency in table 6 (p. 39) and summarized in figure 6 
(p.38). 



ECOLOGY AND RELATED RESEARCH 

Summary 

Ecology is a broad subject; it may be used to in- 
clude research in many areas or may be restricted as 
in this categorization. In a report entitled, "Advanc- 
ing Scientific Understanding of Natural Plant and 
Animal Communities/' published in 1968 by the 
Office of Science and Technology, the total Federal 



effort in ecological research, surveys, and education 
was estimated at $175 million for fiscal year 1966. 
The 1971 survey by the Office of Management and 
Budget, Special Analysis Office, showed an estimate 
of $99 million for fiscal year 1971. However, in this 
review of the programs, deletion of total facility 
construction costs and other factors considerably re- 
duced the estimates to $41.30 million in fiscal year 
1971. 

Ecological research supported by Federal agencies 
includes basic studies on scientific understanding of 
natural plant and animal communities. This involves 
fundamental processes operating in and affecting 
plant and animal communities, impact of the com- 
munities on man, and the impact of man on the 
communities. Research is supported on comprehen- 
sive study of ecosystems that includes detailed stud- 
ies of watersheds or other units of selected biomes. 
This research is included as part of the international 
biological program that is emphasizing the study of 
the biological basic productivity of various natural 
communities. The biomes being studied comprehen- 
sively include the grasslands, the deciduous forest, 
the tundra, the desert, the coniferous forest, and 
the tropical forest biome. 

Much of the Federal research in ecology involves 
study of the effects of development projects and other 
programs conducted by the various agencies. This 
research includes studies on the effects of dams, 
dredging, changes of coastal areas, offshore engineer- 
ing, transmission lines and highways, and wastewater 
facilities. Special studies are conducted on the eco- 
logical aspects of forest and range ecosystems as a 
basis for formulating management principles and cul- 
tural practices, particularly with multiple uses con- 
sidered. Research includes the ecological effects of 
fire, wind, temperature, precipitation, overgrazing, 
and man^s activities. Studies on the autccology of 
trees and range plants are conducted in relation to 
control of insect and plant diseases and for better 
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Tmilk 6.— Swrnwrnr// of ftifuling for umltrstanding, (Ivscribingj and praticfing (lu- vnvironmcnl 
n smrch mul <liVc!opnu nt hy various Ft (U ral agvhcivSf fiscal years W60-7J 

IFiRurc^ in tniUions of doUiir») 
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ncoloR.v 


observation aiitl 


Impart of 


LocntinK and 
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dc9eribinR 


dc9cribc 
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related 


to describe and 


on man 


natural 


pliyi«ieal 


modification 






resell roll 


predict weather 
and ocean 




rcAourcen 


environment 







CE: 

1900.. 

1970.. 

1071.. 
rsi>A: 

19U9.. 

1970.. 

>971.. 
DOC: 

1909.. 

1970.. 

1971.. 
DOD: 

1909.. 

1970.. 

1971.. 
DOI: 

1909.. 

1970.. 

1971.. 
DOT: 

1909.. 

1970.. 

1971.. 
HEW: 

1909.. 

1970.. 

1971.. 
NASA: 



3.30 


2.00 


4.20 


2.30 


5.80 


2.40 
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.IW 


4.17 


1.00 


0.48 


1.02 




1U.70 




22.00 




33.50 
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.70 
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.50 


13.41 


4.10 


1.09 


4.00 


1.98 
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0.20 
.20 
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30.80 
30.00 
31.40 




1970 
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NSF: 






1069 


10.80 


10.01 


2.30 


1970 


12.01 


11.70 


2.30 


1971 


14.32 


17.00 


2.80 


SI: 








1909 


2.90 


1.00 


1.70 


1970 


6.70 


.40 


2.00 


1971 


7.60 


.40 


2.30 



4.74 
5.31 
5.87 



28.09 
31.82 
32.17 



1.90 
1.90 
2.00 



1.04 
1.83 
.2.00 



0.44 
.45 
.52 

1.30 
1.40 
1.40 

.00 
3.50 
4.70 

4.70 
4.80 
0.50 

3.00 
2.30 
3.50 



5.30 
0.70 
8.40 

9.80 
10.93 
13.80 

22.00 
20.20 
38.90 



18.07 
18.01 

40.22 
44 .43 
49.00 

3.00 
2.30 
3.50 

27.30 
23.00 
24.00 



11.10 


4.00 


.18 


40.08 


40.10 


3.40 


.20 


73.70 


71.10 


4.40 


.14 


107.04 


2.30 


1.00 


2.70 


29.11 


2.40 


2.75 


3.00 


34.70 


2.90 


7.00 


4.50 


48.52 




0 




5.00 




.20 




9.30 
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Total all agencies: 

1969 

1970 

1971 



25.31 
31.78 
41.50 



74.69 
84.15 
103.22 



31.50 
28.10 
29.00 



40.23 
79.03 
112.04 



8.54 
10.08 
15.00 



13.22 
10.25 
21.20 



199.49 
249.99 
323.52 



productivity and management practices. Studies are 
carried out on various native and introduced species 
of insects, animals, and plants, and endangered 
species. Basic studies are supported on determining 
taxonomy of plant and animal species, and their dis- 
tribution, abundance, and fluctuation in numbers. 
Ecosystem studies are being carried out in relation 
to human population increase. Studies on protected 
natural areas are conducted to determine the present 
composition of plant and animal communities to serve 
as baselines and benchmarks to measure and moni- 



tor the effects of increased population, pollution, 
and changes in the environment. 

Analysis 

Ecological knowledge is pi'esently too limited and 
too infrequently applied to generate the political and 
social action required to I'esolve the serious environ- 
mental problems facing us. Ultimately, understand- 
ing the processes of I'enewability of resources under- 
lies successful management of all ecosystems. An 



so 



intensive i)rograin of tcclinoloRy asscs.smcnt is neces- 
sary to (loloi'mino ocoloj^ical and onvironinental 
elTecls of inan\s teehiioloj^y. A systematic program of 
environmental assessment is i-eciiiirod to establish 
baselines, assess the state of ecosystems, and changes. 

'I'he ti-end today is toward inci-easing ecological 
and envircmmental U. & D. to help resolve the serious 
environmental problems facing us. An urgent recjuire- 
ment is to obtain accurate ecological and environ- 
mental data that itjciuire much greater support 
based on incomplete data. The trend in expenditures 
from 11)()9 to 1971 has Ixjen an inerease from $25.31 
to $41.50 million. 

The priority of the ecological R. & D. programs is 
high based on statements by executive, legi.slative, 
and consultative groups. Moi-e funding support, 
however, has been given to action programs for im- 
mediate remedies to problems than to R. & D. in 
ecology. 

^lajor pitssent and future problems include the 
following: (a) Ecological and environmental goals 
and objeetives with identified priorities need to l)e 
established, (b) Accurate baseline ecological and en- 
vironmental data are urgently needed. Quantitative 
census and surveys of sensitive and vulnerable popu- 
lations of certain plants and animals should be con- 
ducted to provide an early warning system, (c) The 
problems of ecology and environment are continually 
changing. Short-term, long-rangq, and second-order 
problems must be considered, (d) The complexity, 
change, multidisciplinary nature, and frequently 
critical data gaps make analysis of ecological data 
difficult, (e) An intensive program of technology 
assessment of environmental impact is needed to 
determine the rate of extraction of resources and 
return of wastes. 

Integrating efforts and team approaches are abso- 
lutely essential in ecological studies to be able to 
develop a predictive capability. The complexity of 
ecosystems and the multidisciplinary ehamcter re- 
quire largq numbers of personnel working closely with 
integrating and system approaches. Nongovernment 
groups such as The Institute of Ecology have been 
proposed that could be of great value in helping solve 
many of these problems. Environmental R. & D. 
studies over wide areas require standardization of 
techniques, measuring devices, units, and method- 
ology of analysis. The International Biological Pro- 
gram biome studies and the NSF regional environ- 
mental systems programs are an integrating influence. 

^lodeling and system approaches are essential to 
adequately measure, describe, and understand eco- 
systems and the environment. Both mathematical 



and physical models are l)cing used to design experi- 
ments and to lx» able to understand ecosy.stems suffi- 
ciently to make predictions for management. The 
systems approach is essential to design exixjriments, 
to collect retiuii^ed data, and to handle and analyze it. 
In the International Biological Program, a level of 
integrated research using mathematical models and 
.systems approach in studying hiomes has been at- 
tained that (*an be considered a significant break- 
through. Multispcctral romote sensing coukl con- 
tribute greatly to ecological studies using .system 
approaches. 

With the diversity of Federal agpncies with some 
overlapping rosponsibilities, there is a potential for 
overlap that should l)c reviewed regularly. A compre- 
hensi\*e review of ecological research is reciuired to 
properly evaluate the R. & D. effort and its 
effectiveness. 

Gaps in R. & D. exist not only from lack of suitable 
support, but also iKJcause of limitations in our capa- 
bility to measure, lack of instnnnents and techniques, 
and especially, not knowing the critical questions to 
1)6 studied. A gap in baseline data exists because of 
our lack of accurate knowledge of the taxonomy, dis- 
tribution, and abundance of the flora and fauna. 



ENVIRONMENTAL OBSERVATION 
AND MEASUREMENT 
TO DESCRIBE AND PREDICT 
WEATHER AND OCEAN ACTIVITIES 

Summary 

R. & D. progmms include eight Federal agencies 
with an expenditure of $103.22 million in fiscal year 
1971. This is indicative of the extensive influence of 
climatic and marine environmental influences on a 
broad range of human activities. The major objec- 
tives are to uhdei-stand the main problems of the 
atmosphere and ocean, to comprehensively describe 
and monitor these environments, to attempt predic- 
tion to avert environmental deterioration or cata- 
strophic phenomena, such as severe stoms and loss 
of life and property, and to pcmit proper manage- 
ment of marine resources. 

The weather R. & D. progmms include studies to 
measure and understand atmbspheric processes and 
dynamics; simulation of their characteristic behavior 
and phenomena; and theoretical modeling. These 
studies will further the understanding of atmospheric 
processes necessary to develop capability for both 
short- and long-term weather prediction. 
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Research is carried out on cyclones, thunder- 
storms, and tornadoes to help in detecting, forecast- 
ing, and modifying them. Aeronomy studies are car- 
ried out to measure solar radiation at high altitudes 
and its effects on the earth's climate and atmospheric 
changes, heat balance, and effects of solar storms. 
Satellites are being used to measure atmospheric 
composition, circulation, and turbulence of the at- 
mosphere, wind velocity, fronts, jet streams, cloud 
cover; to detect severe weather; and to issue appro- 
priate warnings. Effects of weather are being studied 
on transportation, agriculture, forest fii-es, and 
phenology. 

The marine environmental activities of the Federal 
Government have been described in a recent publica- 
tion, "Federal Plan for Marine Environmental Pre- 
diction Fiscal Year 1972," published by National 
Oceanic and Atmospheric Administration (NOAA) 
in February 1971. The programs in this area are de- 
signed to gain a better understanding of the marine 
environment and associated phenomena necessary to 
develop and to use the resources of the oceans and 
coastal zones. These programs include integrated 
monitoring, marine prediction including timely warn- 
ing of hazardous environmental conditions, and 
assessment and predictions of the distribution and 
abundance of living marine resources. A systems ap- 
proach has been developed for marine weather pre- 
diction. Studies are underway on the important 
sea^air interaction involving energy and materials 
exchanges. Studies are also carried out on wave 
actions and their effects, thermal structure, coastal 
and ice dynamics, shore protection, and flood damage 
protection. Research is supported on movement of 
elements through the marine environment, through 
the marine food chain, and on their ultimate fate. 
Remote sensing techniques are being used in the 
study of sea state conditions, oceanic phenomena, 
such as upwelling and ocean currents, and locating 
fish schools and marine pollution. 

Studies are sponsored on morphology, structure, 
and sedimentary processes of the continental shelf 
and of dispositional and tectonic processes occurring 
in the deep ocean basins. Shoreline reaction and 
changes produced by winds, waves, tides, storms, and 
depositions are being studied. Research is conducted 
on circulation of water, solids, and solutes in estu- 
aries and lagoons and inflow of fresh water. 

Analysis 

R. & D. is carried out by eight Federal agencies. 
The budget has increased from $74.69 million in 



fiscal year 19G9 to S103.22 million in fiscal year 1971. 
Most of the increase is due to the development of 
satellite observation programs. 

Support for ^search on the atmosphere has not 
increased significantly during the past few years. 
Emphasis is needed in several ai*eas including re- 
search to: (a) Understand the global distribution and 
long-term trends of the air composition and proper- 
ties for polhitants of manmade and natural origin in 
relation to climatic change, (b) Understand the ocean 
constitutents, properties, and processes likely to in- 
fluence climatic change, (c) Understand atmospheric 
motions, needed to improve prediction of local 
weather forecasting. The development of remote 
sensing of the atmosphere is important in this area, 
(d) Understand the global atmospheric and oceanic 
circulations and interactions to extend useful range 
of prediction in the 1- to 2-week period range. 

Federal support of aeronomy has been slightly 
downward in the past few years. Most work in this 
field is conducted in-house, although considerable use 
has been made of special foreign currencies in sup- 
porting research overseas. While this program has not 
heretofore been directed toward environmental 
quality programs, the data and knowledge that have 
been obtained concerning the upper atmosphere will 
provide a baseline for measuring changes brought 
about by man's use of this region of the environment. 
There will be an important need for increased emphar 
sis on predicting and measuring environmental 
changes that may be brought about by increased 
operational activities in this region, or by experi- 
ments involving the release of chemicals. Plans are 
being developed within NOAA for a modeling of the 
total solarterrestrial environment, including ulti- 
mately a modeling of the interface between the upper 
and lower atmosphere. Similar modeling of the be- 
havior of atmospheric st jrms and molecules and their 
interaction with incoming radiation is underway. 
These will constitute important areas of emphasis 
with regard to environmental quality on a long-term 
basis. 

Traditionally remote sensing, for example, radar, 
has played an important role in aeronomy. This role 
is expected to increase with the availability of Jiew 
tools such as laser spectroscopy. Most data have been 
obtained from comparatively local regions. Increased 
emphasis should be given to the use of satellites as a 
platform for data acquisition on a global basis for 
assessing climatological changes in the upper atmos- 
phere resulting from man's activities. 

The Federal Plan for Marine Environmental Pre- 
diction, fiscal year 1972, published by NOAA in 



Fcbniao' 1971 is an excellent summary of Govern- 
ment marine environment activities and plants. To 
accomplish the goals set, expansion of I'cljvant 
11. & D. now in progress is recommended. This recom- 
mendation fits closely with that of the present 
analysis. 

Federal R. & D. is Ixjing focused on the develop- 
ment of automated systems for obtaining marine, 
physical, chemical, and biological data. Studies arc 
increasing on the major ocean current systems. In 
addition, there is an expanded effort to identify the 
nature and extent of secondary ocean circulations 
and to ascertain their relationship to the adjacent 
major current systems. Therc is also a continuing 
effort to develop new and major improved techni(|ues 
for prcdicting physical oceanographic phenomena, 
such as sea state, mixed layer depths, and storm 
surges. There is a definite trend towaixl extramural 
research. 

Therc are insufficient resources allocated to de- 
scribing circulatory and diffusion patterns in estu- 
arine and coastal waters. This is also true to some 
degree of the R. & D. effort in developing mathe- 
matical and physical models of estuarine circulation. 
There is also insufficient attention to the acquisition 
of data to develop mathematical models for predict- 
ing biological phenomena. 

The present program is fairly well balanced. Thei*e 
is a cun-ent deficiency in the deployment of a data 
acquisition system to obtain physical, chemical, and 
biological data. However, plans are being developed 
to remedy this in the near future. There is an urgent 
need to concentrate on problems associated with the 
estuarine and coastal zones. 

Pilot studies and experiments are needed in estu- 
aries in which '^"^ e total resources of the various 
agencies havm;;: so.vie responsibility in this area are 
merged into oirv concerted effort. Therc is a need to 
develop an integrated marine environmental moni- 
toring system in which the resources and capabilities 
of appropriate Federal agencies are utilized. 

Preliminary modeling techniques are used to pre- 
dict tides and salinity incursions in lower estuaries 
and also to predict sea state and storm surges. There 
is an urgent need by a wide variety of users for 
knowledge of the future state of the marine environ- 
ment. Mathematical modeling is considered an ideal 
method for meeting this requirement on a systematic 
and timely basis. Longer time series data are needed 
to improve the accuracy of the model output. 

There are some gaps in the monitoring of oceanic 
parameters and in the conduct of land-sea-air inter- 
action experiments. 



R. & D. in the future shouUl be focused on (1) 
monitoring the marine environment and (2) develop- 
ing pi*cdictioii techni(|ucs for estuaries, major current 
systems, sea state, l)rcakor.s and surf, sea ice, and 
marine l)iology. Further analysis is urgently needed 
on the physical, chemical, and biological aspects of 
estuaries and coastal water areas. 



IMPACT OF ENVIRONMENT ON MAN 

Summary 

Man is shajx^d to a great extent by his environ- 
ment. This includes his physical nature, mental 
health, culture, institutions, and even his survival. 
11. & D. studies are .suppoiled on the effects of en- 
vironment on man and his physical surroundings 
and the modification of man's inuncdiate environ- 
ment in different climatic conditions. Research V^. also 
undertaken on the effects of environmental changes 
on man caused by human destruction and modifica- 
tion of environments. 

A major part of the program is to determine what 
chemical, physical, or biological factors in the en- 
vironment are likely to affect man's well being, to 
learn how these factors ojoerate, and to provide the 
scientific basis for development of adequate control 
measures. Of great importance is the research on 
effects of agents acting in low concentrations over 
long periods, threshold and delayed responses, detec- 
tion of subclinical symptoms, and defense mecha- 
nisms for enhancing resistance. 

Research is also undertaken to determine the 
effects of environment on man with regard to his 
capability to operate under a wide variety of climatic 
conditions, and to provide adequate clothing, food, 
shelter, and other materials to pennit him to with- 
stand severe environments. 

The effects of today's climatic changes on man 
are being studied as well as that in historical times 
using archaeological methods. 



Analysis 

R. & D. on the impacts of environment on man is 
being studied by four Federal agencies with $31.50 
million in fiscal year 1969 and S29.90 million in 
fiscal year 1971. The subjects of industrial and occu- 
pational health and safety are not included in this 
report. These subjects must be considered in analyz- 
ing the R. & D. in this area. The effects of chemical. 
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physical, and biological factors in the environment 
mu.st he considered in developing; control ineasiiros. 
Of si)ccial importance are the effects of those agents 
acting in low concentrations over long periods of time. 
The effects of climate on man and lnan^s modification 
of his immediate environment arc being studied as 
well as the effects of environmental changes caused 
l)y human activities and changes of the environment. 

Evaluating the amount and adequacy of coverage 
of research and development in such a broad area is 
difficult. Insufficient data ait* available on the effects 
of various environmental contaminants, such as the 
effects of low level? of DDT, mercury, cadmium, and 
other chemicals, especially over lifetimes or 
generations. 

Other ai-oas reciuiring investigation are the effects 
of crowding of human populations with the itjsulting 
poUution, social, and other stresses. Also required is 
the development of planning systems for maintaining 
or enhancing environmental quality in urban, rural, 
and neighborhood environments. 

The degree of coordination Ixstween diffei-cnt 
agencies in this subject area is difficult to evaluate. 
Use of modeling and sj'stems approaches ait; being 
attempted in urban and rural living areas. 

LOCATING AND DESCRIBING 
NATURAL RESOURCES 

Summary 

R. & D. programs for locating and describing 
natural resources are being carried out by four Fed- 
eral agencies with a budget of $112.04 million in fiscal 
year 1971. These programs do not include actual 
geological surveys, soil surx^eys, timber surveys, and 
other natural resource surveys, but include the 
R. & D. required for improving exploration concepts 
and techniques for locating new resources, or better 
evaluation of known and potential resources. Im- 
proved methods of survey, sueh as development of 
multispeetral remote sensing including use of aircraft 
and satellites and ground truth verification studies, 
are being developed rapidly for surveys of mineral 
and oil resources, water resources, forests and range- 
lands, soils and nutrients. In addition to methods for 
survey and inventory of natural resources, research is 
conducted to monitor the changing conditions of 
resources including snowfall accumulation, flooding, 
range and forest degradation, including fire, insect, 
and disease outbreaks, effects of natural disasters 
such OS hurricanes, and the rate of utilization of nat- 



ural resources by man. Moi-o accurate maps aw being 
produced periuittinii; gi-cater accuracy in assessing 
natural resources and their changes. Research is 
aimed at a better understanding of the basic proc- 
esses that control the occurrence and movement of 
minerals and water. Methods are l)eing developed to 
more accurately assess the future needs and trends 
in use of natural resources and of alternative uses of 
resources. 

Analysis 

Federal support of R. & D. for locating and de- 
scribing natural resources has risen from $46.23 
million in fiscal year 1900 to S112.04 million in fiscal 
year 1971. This increase is due principally to experi- 
ments on the earth I'e.sourees technology satellites 
l)y XASA and some from the planned Earth Re- 
sources ObseiTation Systems of the Department of 
the Interior: As stated in appendix 4, there arc no 
casts of satellites, or launch vehicles included in thes'' 
budget figures. 

Large quantities of imagery data will require opti- 
mum sampling procedui^Js and automation of read- 
out, storage, and retrieval of natural resource in- 
formation. An urgent problem appears to be the 
development of techniques for integrated multii-e- 
source inventories to supersede the single-resource 
inventories nfew made at different times. Such tech- 
niques would facilitate hettev multircsource manage- 
ment of the public lands and other large ownerships 
that is hampered by lack of in-place multiresource 
data. This applies especially to forest, range, mineral, 
and water resources. 

Another urgent need is to expand research on the 
inventory of energj^ and mineral resources of the 
continental shelf. 

Large amounts of funds are necessarj^ to the eon- 
duct of multispeetral sensing experiments in data 
acquisition to serve a variety of discipline interests. 
This is compared with the relatively low funding of 
other essential research such as in data analysis and 
interpretation. 

Although experimental remote sensing programs 
can yield extensive information to assist in natural 
resources survey and environmental management, 
developing the great potential of these systems should 
be given high priority, as well. While some applica- 
tions have already been made by using satellites, 
much basic research is needed on interpretation of 
ground truth and significance of spectral signatures 
for interpretation before the potential of remote 
sensing with satellites is fully proved. 
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Modeling of natural processes has limited applica- 
tion in locating and de.scril)ing natural resources. Init 
the systeujs approach is essential in developing the 
full capabilities of remote sensing. Systems develop- 
ment is also critical to the automation of storing and 
using natural resource data. 



SURVEYS TO DESCRIBE THE 
PHYSICAL ENVIRONMENT 

Summary 

U. & D. on surveys to describe the physical en- 
vironment is Ixiing conducted by live Federal agencies 
with a budget of Slo.CiO million in 1971. The programs 
involve research on the causes of earthquakes, moun- 
tain building, volcanoes, generation of tsunami.s, and 
continental shelf morphology. Research indicates 
that the earth ha.s largq surface blocks or plates 
whose interactions appear to l)C responsible for 
earth(iuakes and other instabilities of the earth's 
crust. Research is being carried out to accurately 
locate these unstable areas, to determine stresses, and 
to develop earthquake predictive capabilities. Seismic 
recording instruments are being improved to in- 
crease accuracy of eailhquakc location and data 
handling. 

Studies are sponsored on morphology, structure, 
and sedimentary^ processes of the continental shelf 
and of depositional and tectonic processes occurring 
in the deep ocean basins. 

Analysis 

R. & D. on earthquakes, volcanoes, and continental 
shelf morphology has increased from $8.54 million 
in fiscal year 1969 to $15.60 million in fiscal year 
1971. Research on earthquakes appears to be pro- 
gressing as a result of increased understanding of the 
basic mechanisms involving interaction of large sur- 
face blocks or plates. Predicting earthquakes in the 
future appears promising. No research was reported 
on subsurface thermal measurements and potential 
use in heat pumps for supplying required heating 
and cooling. This may be supported under other pro- 
grams not relating to environmental quality. 

No major overlaps were apparent. Coordination 
between Federal agencies appears effective. Although 
no modeling concepts were reported, they appear to 
offer real promise in the earthquake prediction. 



WEATHER MODIFICATION 

Summary 

Weather moililication R. & D. is being comlucted 
to impi'ovc knowledge of precipitation phenomena 
and to develop practicable tcchni(iuos for controlled 
modification of normal precipitation patterns. As 
this knowledge increases, the proljability also in- 
creases of our capal)ility to augment, rcilistributc. or 
alter the character of precipitation on a .scale of 
national .significance. The I'edcral weather modifica- 
tion program includes pi^ecipitation modification, fog 
and cloud modification, hail and lightning supprcs- 
.sion, and severe .storm modification. The research 
program is directed to dcN'cloping an understaniling 
of the atmaspheric water processes anil applying it to 
the development of tcchniipies to solve problems 
caused by the behavior of atmospheric water. These 
problems include floods, droughts, hail, fog, lightning, 
hurricanes, and severe storms. 

Analysis 

The Federal weather modification program is a 
well-coordinated program involving seven Federal 
agencies with some joint projects. The budget m 
1969 was $13.22 million and in 1971 was S21.2() 
million. 

This progiam has made considerable progress. 
The State of knowledge and operational readiness is 
greater in some areas than in others, however, certain 
l)enefieial results can now be achieved. 

A recent study by the Interdepartmental Commit- 
tee for Atmospheric Sciences (ICAS), a standing 
committee of the Federal Council for Science and 
Technology (FCST), identified several areas where a 
national weather modification pmgram may be of 
value to man's continued existence on this globe. 
These areas include precipitation management for 
water resourt^es, reduction of damage from hail, 
lightning, and violent storms, and improvement of 
visibility in fogs. 

Major scientific discoveries or ''breakthroughs" 
are not necessary to achieve an operational weather 
modification technology. The basic premises have 
l)ccn generally verified and the remaining techno- 
logical gaps identified. What is needed now is a firm 
commitment to the magnitude of development tasks 
involved in forming the practical and useful tool 
weather modification can be. Much remains to be 
learned of the basic , meteorological processes that 
take place in the atmosphere, but the major thrust 
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now needs to be in extensive applied i-c.searcli couplod 
with associated research into the comijlcx lo^al. 
social, economic, and natural environment 
considerations. 

Close coordination among all intei-ested agencies 
is maintained through freciiient confeiionces, ex- 
changes of experimental data and i-e.sults, common 
sharing of some eciuipment, facilities, and computer 
programs, participation in joint experiments, and 
membership on various interdepartmental commit- 
tees whoso function is coordination of Federal acti>M- 
ties in the atmospheric sciences. The establishment of 
specific cooix^rative multiagency efforts to i-esolve 
certain critical problem areas that imixjde the appli- 
cation of weather modification technology am needed. 

The establishment of adequate mathematical 
models to deseril^e and forecast the i-eaetion of 
weather systems to weather modification applications 
are now under development and .show consi(leriil)le 
promise of providing this universal capability soon. 
Improved methods of evaluating the i-esults of modifi- 
cation are expected to emerge from the.se basic 
model studies. Through mathematical modeling of 
lai'ge-seale cii'culations, the effects of long-term in- 
advertent modifications of the atinosphei-e by man 
will be simulated. However, increased emphasis 



.should be placed on l)cncluuark measurcnieuts, :unl 
rcsoarrh into this aspect ol weather modiliration. 
Support lor the estal)lisluneut of a national deposi- 
tory for weather modiliration data is also needed. 

Weather is a product of the atmosphere, itself a 
totally essential rcsourrc of mankinil. The i-olativcly 
new .science of weather niodilication is one with the 
potential for vast economic and social Rains for 
Inunau life. .\11 Federal agencies engaged in weather 
modification activities have the goal of manipulating 
the weather to l)etter .suit human goals and needs. 

Mixxt has l)eeu inadvertently modifying the atmos- 
phero for years. I)y spewing forth great amounts of 
contaminants, exhausts, and heat withont discrimi- 
nation, and until recently, without concern lor the 
con.sc(iuences. The Xaticmal A<'ad(uny of Sciences 
cited this problem in a i-ecent i-eport, and .said that 
'*now is the time for an in(!reased effort on a national 
scale in the fields of weather and climate modifica- 
tion. ** ♦It is important that the advances in 
r(».search and development go forward with opera- 
tional efforts and that now understanding of the 
atmosphere be (luickly translated into operational 
methods which may benefit the whole of society.*' 
The Federal wcatlier modification program is making 
good progress toward that goal. 
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CHAPTER 7 



Protecting and Enhancing 
tlie Environment 



SUMMARY 

The objectives of Federal R. k D. activities de- 
scribed in this chapter arc to provide the scientific 
basis for actions which will: (1) Permit enjoyment 
and use of designated renewable resources without 
unaceeptable impairment, and (2) lead to increasing 
the utility or value of such resources. Five major 
resource categories are recognized: Rural and wild- 
land environments, fisheries and wildlife, recreation, 
urban and suburban environment, and water re- 
sources. An additional category, environmental sys- 
tems, which relates to all the others, is also included. 
Total expenditures in fiscal year 1971 were $57 
million, of which fisheries and wildlife resources ab- 
sorbed the major proportion (60 percent). Activities 
relating to water resources, and to urban and rural 
environments combined, each represent about 18 
percent of the total The breakdown of the funding 
by agency for fiscal years 1969, 1970, and 1971 is 
given in table 7 (p. 48) and summarized in figure 7 
(p. 47). 

Analysis ol Environmental Systems 

This research involves a comprehensive approach 
to understanding the total complex of interactions 
between various technological activities and all the 
components of terrestrial and aquatic ecosystems. 
Its purpase is to provide regional resource planners 
and developers with a reliable prediction system 
that will permit them to identify environmental 
problems in advance and take steps to prevent their 
occurrence. 

Fisheries and Wlldllle Resources 

R. k D. activities considered here arc those con- 
cerned with protecting and enhancing the recreation, 
sporting, and esthetic enjoyment and commercial 



aspects of fish, biitls, and animals. The continued 
renewal of our divei'se and plentiful fish and wildlife 
resource is heavily dependent upon how skillfully 
their supporting aquatic and teri'e.strial eco*<ystems 
are managed. A major effort is aimed at acquiring 
knowledge of biological characteristics and require- 
ment's of oceanic and fresh water sports fisheries 
resources, and in undei-standing their relationships 
to their physical environment. Im]3acts of vai'ious 
types of manmade disturbances upon the aquatic 
environment and their consequences to fish popu- 
lations are under study. Considerable research is 
also carried out on the distribution, life cycles, mi- 
grations, and natural enemies of important species. 
Other experiments are conducted on the pei'sistence, 
deto.xification, and cycling of chemical contaminants 
through aquatic ecosystems. Fish hatchery manage- 
ment and rearing methods are also being improved. 

Wildlife research activities center strongly on man- 
agement of the native habitat, with particular em- 
phasis on the effects of timber harvesting activities. 
Considerable effort is also devoted to the study of 
big game on western rangelands. Other research 
emphasizes knowledge of the environmental require- 
ments of waterfowl and other migratory bii-ds. 
Principal emphasis has been on game animals and 
birds: plans for the immediate future call for moro 
attention to nongame species, particularly those in 
the threatened or endangered category. 

Recreation Resources 

R. k D. activities arc concerned with the pro- 
tection and management of recreation resources, and 
with determining how they can best be planned and 
and developed to adequately serve public needs and 
to provide continued and increasing use without 
deterioration. Techniques are developed for pro- 
jecting demands for various types of recreation ac- 
tivities. The potential contributions of recreation 
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Taulk 7. — Summary of funding for proUciing ami enhancing the cnvironmrnt rvsatrch and dcvvhpmcnt 
hif various Ft dvral agcncti's, Jlsnti years 1000-71 

(FUurCii in tiiilliuiiA of dullnr?) 



AniilyttU of Fi!»hcric?» Uccmition Kitrul and rrl»«n nnd Water 

Aucnry titid fiscal ycnr en virott mental atui wiUllifc rPMiitrccM wild Itiiid "lurburhon resouree;* Total 

{lyAtetnii re;<ouroe*< rtivirotitnent ctiviroiiincnt 



USn.V: 

\\\m i.ir, 1.40 li.no 4.rti 5.7i5 20.27 

1U70 2.22 I..M 0.78 4.05 0.12 21. n2 

1071 2.:l:i 1.00 7.0I» 5.03 0.15 23.:J4 

DOC: 

lOtiO — . 14.22 - 

H»70 1.">.10 I5.10 

1071 13.15 

DOl: 

1909 17.30 .10 .S3 0 4.04 22.27 

1970 17.20 .10 .01 0 4.79 23.00 

1971 10.10 .10 .07 .45 .'i.97 20.59 

DOT: 

1909 " 

1070 .03 

1971 "5 

HUD: 

1009 •"" 

1970 2.0U 2.0iJ 

1071 -^-^S 

NSF: 

1909 0 ^ 

3.07 

.11 



1970 3.07 

1971....^^ 11 



Total all aKcncics: 

1909 0 33.47 I .riO 7.33 "».38 9.79 .^..'SS 

1970 3.07 34.58 1.05 7.09 7.09 10.91 05.. •i9 

1971 .11 34. 5S 1.70 8.00 10.51 12.12 07.02 



resources to the economy and quality of living in 
rural areas are being analyzed. Closely related studies 
arc finding ways of making outdoor recreation re- 
sources more available and better suited to the needs 
and interests of low-income groups. Research on 
compatibility of outdoor recreation and other land 
and water uses provides the basis for multiple use 
management prescriptions. Management guidelines 
are also being developed and tested which will mini- 
mize adverse environmental impacts resulting from 
high-density recreation use. Although neglected in 
the past, increasing attention is now being given to 
determining the motivations, interests, and attitudes 
of people toward outdoor recreation activities and 
opportunities in order to assure a more rewarding- 
and enjoyable experience for alL Greater emphasis 
on social and economic aspects of outdoor recreation 
is planned for the future. 

Rural and Wild Land Environment 

Practical and effective methods are being de- 
veloped for managing land and vegetation for socially 



desirable objectives, as well as for the production of 
marketable conunodities. This includes establi.sh- 
inent, culture, and protection of windbreaks and 
shelterbelts in the Great Plains; modification of 
forest management sy.stcms to make timber har- 
vesting compatible with the preservation of esthetic 
values; and the use of trees and ornamental plants 
for highway beautification and safety, screening of 
maninade landscars and eyesores, and similar pur- 
poses. A major effort is directed at the rehabilitation 
of strip-mined areas, mine waste embankments, and 
other situations where the land surface has been dis- 
figured by industrial activities. Safe and effective 
ways of protecting scenic values of forests and other 
mral landscapes from fires, insects, and diseases are 
under study. Limited research is being conducted on 
rural land use planning for better resource-use allo- 
cation. More attention will bo given to this important 
problem in the next few years. New and economically 
sound approaches to appraising intangible environ- 
mental values as a basis for land-use decisions will 
also receive more study. 
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Urban and Suburban Environment 

The objoctivos of this rcsoarch aiv to find ways of 
improving the livabihty, efficiency, and attractiv(»- 
ncss of urban and suburban centers through b(»tter 
hind use and planning, construction practices, na- 
tural resources management , more accessible recr(»- 
ation opportunities and open space, and mon» effec- 
tive use of vegetation. Improved strains of orna- 
mental trocs, flowering shrubs, and turf, which r,re 
better able to withstand the unique stresses associ- 
ated with urban environments, arc being developed 
and tested. The design and laj'out of transportation 
S3^stcms are being approached from the .standpoint 
of gieatcr compatibility with overall environmental 
objectives as well as for improved efficiency. Ways 
of translating a variety of available environmental 
information sources and urodes into forms useful to 
urban planners arc being explored. Other r(\scarch 
is establishing a sound basis for the location and 
design of open space areas in expanding urban and 
suburban developments. 



Water Resources 

The Nation's fresh water resource is an important 
and highly prized component of our environment, 
as well as a critical element of our industrial and 
domestic life. This resource is continually roncwcd 
through precipitation, but too much of what we 
receive is allowed to dissipate through lack of good 
resource management. R. & D. activities considered 
here are those designed to reduce cva|X)transpiration 
lo.sses, induce greater infiltration and ground water 
storage, and in other ways make more efficient u.se 
of the annual supply. Rational and intelligent ma- 
nipulation of vegetation, use of soil amendments, 
and .careful scheduling of agricultural activities have 
substantial effects on the hydrologic cycle. Research 
is now underway to find ways of traaslating knowl- 
edge and experience into management systems which 
will have predictable beneficial impacts on stream- 
flow and ground water recharge. Modeling proce- 
dures and computer programing arc being utilized 
for developing quantitative projections. of the hydro- 
logic performance of watersheds under given man- 
agement regimes. Land and vegetation treatments 
are being developed which do not create undesirable 
environmental side effects. Other important research 
involves describing and quantifying impacts of ur- 
banization, highway systems, and irrigation projects 
on water yields. Institutional constraints to better 



water-use policies an* Ixmujj; (»xamin(Hl. Possilulities 
of upK»'*»tli»K renovating waters impaired by in- 
dustrial use are being (»xplor(Ml. Undesirable <'IT(»ets 
of major wat(M'-(lev(»h)pm<'nt opi'rations are Ixing 
(•vahiated to find ways of minimi/Jug di'h'terious 
C()use(pi<»nces. 



ANALYSIS 

Study of recreation res()Urc<\^ protection and en- 
hancement has emphasizeil physical probh'ins sueh 
as lueasuHMuent of use, site (h^terioration, an<l re- 
source nianagenient. The need for a better under- 
standing of ivcreatiou u.'<er attitudes and pn»ferene(»s 
as a basis for re.^ource planning and development is 
now being rocognized. In recent years there has Ix^en 
a trend in fi.sheries and wildlife msearch away from 
conventional biological studies in favor of more 
emphasis on the effects of pesticides on reproduction 
and other life proctnjses. This is likely to continue in 
the future. Research on wildlife, ivflecting neods of 
and pres.sui'cs by sportsmen, has been heavily domi- 
nated by work with game animals and birds. There 
are indications that more attention will be given in 
the future to nongame species, particularly those 
that arc in a thwaterted or endangered status. The 
overriding urgency of wat(»r quality problems is 
likely to prevent any significant acceleration of re- 
search in the water it?KOurce activities reported here. 
In fact, some of the USDA efforts on water i*esource 
augmentation are now being reprogramed to prob- 
lems of water quality. 

Some research in urban and rural problem areas is 
of long standing and Is obviously d(»signed to improve 
quality of living. However, most of the activities 
reported are either of recent origin or represent inci- 
dental spinoff from research conducted primarily for 
other purposes. The fairly new HUD and DOT pro- 
grams which have increased from $0.30 to $1.60 
million in the last 3 years suggest an increasing 
realization that learning how to bring concepts of 
beauty and esthetics into urban planning is an im- 
portant subject for research. R. & D. activities in 
the urban-rural areas reported by the Department 
of Agriculture are mostly mission-oriented, and con- 
tributions to environmental enhancement docu- 
mented in this ixjport are to a considerable degree 
the result of "indirect" research. This does not impair 
their usefulness or dimini.sh their importance. How- 
ever, if environmental needs and benefits were the 
primary rather than the incidental motivation, the 
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research might bo more oflfectively planned and 
better staffed. All four Departments now engaged in 
urban and rural environment researeh, state their 
intent to give more attention to these heeds. It 
appears that there will be greater "direet" effort 
allocated to important urban-rural problen^s in the 
future. 

R. & 5). programs reported in other sections of 
this report include numerous project^s who.se results 
will contribute to the enhancement of water resources 
and the improvement of environmental quality in 
urban and mral areas. Thus, it is not possible to 
make a meaningful evaluation of program balance 
between problem categories. 

A serioas imbalance exists between the size of the 
rcci'cation research program and the complexity and 
magnitude of the job to be done. Outdoor recreation 
activities rcprc.«3cnt a $30 billion business, which is 
making rapidly accelerating demands and impacts 
on the resource. Outdoor recreation is becoming in- 
creasingly essential to the health, welfare, and enjoy- 
ment of life of all segments of our population. The 
present level of support ($1.70 million) for research 
falls far short of what is needed to provide the es- 
sential knowledge and technology to protect, de- 
velop, improve, use, and enjoy this resource. Because 
of the critical nature of the problems it is particularly 
important that allocation of the limited resources be 
guided by well-considered priorities. Part of the 
present effort can and should be reoriented to focus 
on some of the more critical and basic social and 
economic questioas now receiving little or no at- 
tention. 

Fundamental to the planning of a well-balanced 
research program is the question of prevention or 
correction. Should emphasis be on learning how to 
anticipate, predict, and avoid environmental impair- 
ment? Or should the main effort be to develop tech- 
nology for correcting damage which has already oc- 
curred? The answer is obvious where disasters have 
already happened or are imminent. But it is rather 
easy for a research program to become overly com- 
mitted to brush fires. Failure to give adequate at- 
tention to underlying causes and processes of en- 
vironmental degradation may result in crises that 
arc much more costly and more difficult to correct. 
Except for fisheries and wildlife activities, the pro- 
grams reported seem to lack carefully planned and 
built-in balance between what are essentially long- 
term projects aimed at preventing and shorter term 
pi'ojccts aimed at correcting environmental problems. 
This may be oarticularly true of some aspects of the 
urban and rural environment programs which seem 
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to reflect a response to pressures and crises rath(M' 
than a careful evaluation of problems and assignment 
of priorities. 

The study of environmental pmblems, particularly 
those relating to urban, rural, and wild-land con- 
ditions, requires involvement of many disciplines 
from the physical, social, and biological .sciences. 
The unique talents and contributions of engineers, 
meteorologists, .sociologists, landscape architects, hy- 
drologists, ecologists, .systems analy.sts, and other 
specialists are required to adequately understand, 
and to develop technology to solve complex environ- 
mental problems. To be most effective, however, 
these .skills must be carefully integrated and orga- 
nized into multidi.sciplinary teams. Only in this way 
can interactions of plants, animals, weather, soil and 
geology, and man's needs and activities be observed, 
measured, and evaluated. For this kind of an inte- 
grated approach to be fully developed and utilized, 
much closer coordination will be required among 
agencies having responsibilities for different aspects 
of the same problem. Such coordination mast go 
beyond the cycling of memomnda of understanding 
and statements of intent through the various agency 
hierarchies. Officials responsible for program planning 
must identify needs and opportunities for multi- 
disciplinary research and must insist that ])rojeet 
leaders work with their counteiparts in other agencies 
at early stages of project development, and that 
joint, thoroughly integrated planning documents be 
prepared. 

Much available information on resource protection 
and enhancement is not being used. More conscious 
effort i%,nccded to bring existing knowledge together 
and to synthesize it into manageuttnt prescriptions. 
Mathematical modeling is a versatile and powerful 
tool for this purpose if used with s!;ill and ingenuity. 
This approach also can be employed to good ad- 
vantage for resource impact evaluations where many 
environmental variables must be plugged in to pre- 
dict effects of land use or treatment. Modeling pro- 
cedures also can be adapted to the sophisticated 
social studies needed to develop a better under- 
standing of people's attitudes, reactions, and moti- 
vations with respect to outdoor recreation and urban- 
rural environment. 

Analysis of the information submitted did not 
reveal any significant overlaps or duplications in 
program activities. The DOI and the DOC have 
common interests and objectives in their investi- 
gations of pesticide effects on fish and the cycling of 
chemical contaminants through aquatic habitats. 
However, DOC is primarily concerned with estu- 



arino and ocoanic rnvimninont.s while DOI is princi- 
pally prooccupiod with fivsh water, lake, and stream 
Imhitats. The respective responsihilities of USD A 
and DOI for fish and wildlife research are well 
defined and pi-ograms are closely coordinated. What 
is of more conc(»rn to the Conunittee than possible 
overlaps is the necessity for more coordinated plan- 
ning, already referred to. More effort is needed in 
the fntnre to insnre better integration of research 
efforts and a reduction in the amount of fragmented 
and unrelated studies. 

No major gaps, in the sense of significant areas of 
msearch complete!}' untouched, wx»re identified. How- 
ever, there aiv numerous imbalances that .should be 
corrected and important problems that are I'cceiving 
only token attention. The most serious deficiencies 
identified ai-e as follows: 

1. A much stranger .socioeconomic basis for plan- 
ning, developing, and managing recreation lusources 
is needed. Problems dealing with people — their be- 
havior in, attitudes towaitl, and needs for outdoor 
recreation — are infinitely more difficult than phy.sical 
and biological problems and have had little Federal 
funding support. Most of the limited amount of good 
research has been done by a few univei-sities. 

2. The limited amount of research on threatened 
and endangered bird and animal species needs to be 
expanded. Considerably more work .should also be 
done on habitat requirements of nongamc bird and 
animal species to enhance opportunities for their 
enjoyment through so-called nonconsumptive use. 
Some reprograming of funds and manpower from 
research on game animals and birds should be con- 
sidered if new funding is not available. 

3. More effort should be directed toward develop- 
ing practical methods of managing aquatic eco- 
systems, perhaps at the expense of some of the more 
fundamental but low priority biological research, if 
necessary. 

4. Most urban and suburban environments are 
now generally recognized by city planners as being 
cultural relics, which fail to meet even minimum 
standards for an acceptable quality of living. For 
renewal projects, urban expansion, and new city 
programs to rise above characteristic metropolitan 
blight, much in-depth research is needed to provide 
socially and aesthetically sound design bases for 
reshaping urban and suburban landscapes. This 
effort should include not only obvious aspects, such 
as provision for parks and other open space, but 



also for study of the integration of transportation 
systtMUs, architectural modes, and land-use allo- 
cations. Parametei-s foi measuring exi^;ting urban 
and sul)urban environmental quality and its rate of 
change .should be established. Critically nc»eded also 
are methods for identifying significant environmental 
factoi-s and for evaluating between proposed environ- 
mental management alternatives. 

5. Ucseaitjh on augmenting water resources by 
the manipulation of voj^rotation, particularly phreato- 
phytes in the Southwest and high elevation forest 
stands in the Rocky Mountains, has produced a 
great deal of useful knowledge. High priority should 
now be given to applying this knowledge to the 
formulation of vegetation eontrol prescriptions on 
an operational basis to determine overall costs and 
Ix^nefits, and to establi.sh the reliability of water 
yield increase i)i*ediciions. 

6. Studies of the impacts of major water develop- 
ment projects should be extended to include overall 
ecological effects. For example, little is known of the 
influence of huge impoundments in mountainous 
areas on subsurface* wat(»rflow patterns, wildlife 
populations, microclimate, and ecosy.stem dynamics 
of adjacent slopes. 

7. "A continuing dynamic program of land use 
planning" was called for by the Public Land Law 
Review Commission in its recent report. Legislation 
for a national land-use ))olicy is almost inevitable. 
A stronger scientific base for land-use classification, 
both urban and rural, is needed. This requires a 
better understanding of land-use capabilities, ability 
to withstand various types of impacts, and the inter- 
actions of different combinations and levels of uses. 
Also lacking and badly needed by land-use planners 
and decisionmakers are procedural guidelines for 
calculating: intangible amenity values for assigning 
proper priority to them. 

8. The in-depth study of selected environmental 
systems, as affected by the entire complex of man's 
activities, has not received adequate^'support. 

9. Finally, a great deal of the R. & D. activities 
reported here could benefit by more penetrating 
analyses of the problems themselves and a better 
definition of priorities established on the basis of 
specified criteria. The resultant programs should 
accurately reflect priorities, establish attairable 
goals, and provide for a more orderly and systematic 
development of knowledge that can be integi*ated 
into total problem solution. 
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CHAPTER 8 



Special Studies 



ALTERNATIVES TO THE USE 
OF PESTICIDES 

Biological incthodK of control offer excellent oppor- 
tunities as altemativos to the use of pesticides. Re- 
search in this field includes the search for and de- 
velopment of pathogens, iasects, and higher fonns 
of life, such a.s fish, for the control of weeds. For 
the control of insects, research is conducted on path- 
ogeas, predators, parasites, attractants and repel- 
lents, and radiation techniques to induce sterility. 

Cultural methods of control are tho.se that have 
been practiced historically in agriculture. They in- 
clude such i)ractices a.s crop rotation, croi>-pest 
competition, cleaning fence rows, timed planting to 
avoid a pest, and water management for crops such 
as rice. These methods still coastitute a significant 
part of pest control, but will seldom accomplish 
control objectives of themselves. 

Mechanical control is also a historical method of 
pest control. As with cultural control, mechanical 
control is a significant part of pest management, but 
it docs not usually afford adequate past control of 
itself. 

Breeding for resistance to pests has been most 
successful for the control of plant diseases and 
nematodes. The development of resistant varieties 
is the most important means by which yields have 
been increased without dependence on pesticides. 
There are only a few cases where a crop has been 
bred to provide resistance to a specific insect pest. 
Breeding programs are never ending. They require 
the continual development of new varieties to permit 
the rapid introduction of new genetic stock when 
resistance to a given pest is broken by the pest 
species. Thus, breeding for resistance cannot be done 
in anticipation of a problem. It can only be done 
after the problem is known. 

Fundamental biology is essential for an under- 
standing of pest control by whatever method. De- 
tailed life history studies and physiologic profiles 



offer the basic knowledge of posts that is u.^»d in 
the development of s])ecific control practices. 

The trend today is towaixl a greater emphasis on 
biological and other nonchemical methods of control 
rather than the use of iiosticides. The .shift in empha- 
sis has arisen in large measures bccau.se of public 
concern about the i)ollutant effects of pesticides. 
Despite an inci'eased R. & D. in nonchemical methods 
of control, the need for ix>gulated use of chemicals 
will continue. 

Biological methods by themselves are unlikely to 
provide adequate control for very many serious pests 
in the foreseeable future, and the need for chemical 
control will continue. However, there is promise for 
the further development of integrated control asing 
combinations of biological, cultural, mechanical, ge- 
netic, and chemical methods. This approach can .sub- 
stantially reduce the amount and frequency of chemi- 
cals u.sed and in some cases Inay actually replace 
them. V 

For about 20 years after Worid War II, R. & D. 
on chemical pest control expanded rapidly. With in- 
creasing concern for the environment, a shift to 
nonchemical methods has occurred. The present bal- 
ance in USDA between chemical and nonchemical 
methods of pest contral, about 40*60, is consistent 
with the need for pest control in the future. The 
pi'csent thrust is to develop integrated control prac- 
tices wherever possible so as to minimize the use of 
chemicals. Biological and other nonchemical methods 
of control are extremely effective and striking when 
they work. However, the hope for adequate control 
of most pests in the foreseeable future without the 
use of some chemicals is not realistic. Examples of 
the need for continued use of chemicals are the 
vastly increased incidence of malaria in Ceylon after 
the use of DDT was stopped and the damage caused 
by the gypsy moth in the United States after termi- 
nation of control programs using DDT. 

Integrated pest control has been talked about for 
many years. The concept is sound and should be put 



into practice. True integiatcd pest control would 
require the close cooperation of scientists from vari- 
ous disciplines— entomology, plant pathologjs weed 
science, ecology, and fisheries and wildlife biologj*. 
At the pi-esent time (1971) such scientists are segre- 
gated, for the most part, by organizational barriei>«. 
The breakdown of organizational barriers would not 
necessarily result in the close cooperation needed for 
sophisticated research on integrated control. Narrow 
scientific disciplines have been established for many 
years. The shift in educational emphasis on both 
undergraduate and graduate levels from narrow to 
broad concepts will probably be necessary before 
the interdisciplinary barrier can he effectively over- 
come. 

Modeling and systems approach have not been 
widely used in pest control. Mathematical modeling 
has been used extensively in population biology and 
could be adapted to pest control problems. Remote 
sensing offers exciting possibilities. It is already pos- 
sible to detect certain crop diseases and iasect depre- 
dations by means of remote sensing techniques l)cfore 
these diseases and depredations are apparent to the 
eye. Remote sensing also could be used to plot 
weed infestations, especially those of aquatic weeds. 
There appears to be a reasonable potential for using 
remote sensing to determine when certain weeds are 
most susceptible. The latter possibility may be 
practical only on noncultivatod areas. A systems 
approach to pest control is essentially equivalent to 
integrated control. Its use and utility have already 
been discussed. 

A serious gap is the lack of detailed knowledge on 
fundamental biology of species and their interre- 
lationships. Overlap is a far less important problem. 

Attention in the future should be focused on inte- 
grated control. Concurrently, fundamental biology 
should be emphasized and proceed apace with the 
development of more refined control methods. 

Table 8 (p. 53) summarizes the funding of R. & D. 
pertaining to alternatives to the use of pesticides for 
fiscal years 1969, 1970, and 1971 by each of the 
Federail agencies involved in such research. 



NOISE 
Summary 

Several Federal agencies are involved in R. & D. 
concerned with noise as an environmental pollutant. 
Noise abatement and control R. & D. may be cate- 
gorized in terms of the medium which the noise 



TaiiI.K S. — Suttnttnrff of ftttulhuj for alhruothrff to the usi of 
pf8tici<lrs nsmrvh ati*! tUwtopm* ut Ini n\nou.< (nji ncuR, 
Jisnif If tars Vfii*-'7l 

(Fietirr^ in nUllioiiA of iloHar«| 



Nonrhciniral 



.•\Rciiry Aiid fi5CAl year |ic5t 

colli rul 



USD A: 

I9rt9 :w.n:> 

1970 :n.r.i 

1971 a:. 74 

CE: 

1009 0.20 

1970 .:jn 

1971 .30 

NSF: 

1909 .83 

1970 .80 

1071 .90 



Totnl all nRcncicji: 

1009 1. :w.08 

1970 34.74 

1971 .38.04 



pollutes — air, land, or water. Of the three, the pro- 
gram in air— devoted to the control of aircraft 
noise — is by far the largest. 

The noise pollution programs for each of the media 
may be described in terms of programs to reduce 
noise levels at the source or to reduce noise levels at 
the receptor by altering the noise propagation char- 
acteristics. An effort independent of the medium is 
that to determine the effects of noise on humans 
and their res|x)nse to noise. 

The information reported pertaining to noise has 
been divided into the following categories: Air, 
human effects, land, and water. The funding for each 
of these categories for fiscal years 1969, 1970, and 
1971 is shown in figure 8 (p. 54). Table 9 (p. 65) 
summarizes the funding of each of these categories 
by each of the Federal agencies involved in R. & D. 
pertaining to noise. 

The major funding efforts are centered in DOD, 
DOT, and NASA. Research emphasis has been placed 
on aircraft propulsion system noise and its suppres- 
sion. Programs include quiet engine design, fan tests, 
nozzle configuration, supersonic jet noise, rotating 
blade noise, vertical takeoff and landing (VTOL) 
and short takeoff and landing (STOL) noise, pro- 
peller noise, reconnaissance aircraft noise, duct tech- 
nology, and internal jet noise suppression. Sonic 
boom is being studied from the point of view of its 
generation and propagation as functions of configur- 
ation, flight path, and atmosphere. Research to re- 
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duco received noise throuj^h altered landing flight 
paths is also being carried out. 

The DOC'V National Buix»au of Standards carries 
out a fundamental program on noise measurement 
methods and standards, including research on human 
r(»sponse to noise, such the annce^'ance value of 
diflferent noises. 

Two Tv& :n\ agencies reported an R. & D. effort 
involviiicr noise in water media. This condiined mini- 
mal eff<h . votals 060,000 for fi.scal years 1969-71 and 
represe ;\t' ^ han 1 percerl of the total environ- 
mental noise pmgrani. The KSF grant-supported 
basic re.*-viireh on .sound propagation has not been 
funded since fiseat year 1969. The DOT's H. & D. 
was sponsorcKl by FAA and concerned the pene- 
tration of sonic boom energy into the ocean (com- 
pletec'. »n Juno 1970) and an investigation of under- 
water coustic effects caused by atmospheric .*«onic 
booms. 

Four Fi*d(»ral ag(»ncies rei)ort(»d R. & D. progri:inK 
that hav * Ijeen cal'e;5orized a.s noi.se anr human 
effi ccs. liiis caief^-j-.y included appro.Kimately 4 to 
8 pr^rcent of the tttai nobi R. & D- effort. 

Table 0. — Summary of funding for nor " rracarch and 
dcvchpfncnt bu various Federal agrmyca fi:c^l »/mrs 
im-71 

(F^A^ircB 1» milUovft of doUnr»] 



A^i-'ncy And 
n^cal ycnr 



Air 



Human 



J /And 



w:,^ 

:9*'. 

1971 

DOT: 

1909 

1970 

1071 



4.18 
1.02 

.98 
l.i>3 
1.23 



HEW: 

1909 

1970- 

1971 

nUD: 

1909 

1970 

1971 

NASA: 

1909 13.12 

1970 10.03 

1971 12.77 

N8F: 

1909 03 

1970 11 

1971 10 



0.95 
.51 
.00 

..57 
.44 
.04 



.05 
.10 
.20 



0.10 
.02 
.00 

.93 
.16 
.40 



0.04 



.12 
.08 
.10 



.70 
.72 
.70 



.03 
.04 
.05 



Totol 



2.31 
4.71 
2.82 

2.48 
2.60 

I. 73 
K3.01) 

.0.5 

.20 

.12 
.08 
.10 

13.88 

II. 35 
14.47 

.00 
.15 
.16 



Total all 
agenoles: 

1909 15.39 2.33 1.16 .03 18.90 

1970 10.85 1.77 . 26 . 08 18.95 

1971 10.72 1.64 1.16 .05 19.47 



> Supplemental appropriation to FAA. 



Emphasi.s has included physiologieal effeets of 
continuous nois(» exposure, impulsive noise, infra- 
sonies, noise and performanee, acceptability of air- 
craft noise, pei-sonnel protection and communication, 
fivquency resolution, hearing loss susceptibility, and 
nuisance and annoyance factors of noi.so exposure. 

Analysis 

Noise is an unwanted, undesirable sound without 
valuis^ Noise is an environmental jwllutant — a waste 
product generated by man and machinery. Noise 
l)ollution is considered by some to be on the verge of 
reaching a serious level and thv awar(»ne.ss that nois(» 
is a .significant factor in the degradation of environ- 
mental qi;r«'^*y is generating R. & D. aimed at a.> 
control. Noise can be a hazard, an annoyaf ce, and 
a nuisance. It can directly n^^d indirectly affect 
man, plants, animals arc^. .^tructi^res. The Noi.sc Pol- 
lution and Abatoment \< of 1970 (title IV, Clean 
Air Airirftd*>ipn^:s Act of 1970) focused attention on 
noi.se as a yiollutant and e.stablished the requirement 
that fx full and complete investigation and study of 
noise and its effect on the public health and welfare 
he undcrtnkon. In Soptei>iibcr 1968, the Federal 
Council for Sc'-nec And Technology identified and 
recommended a of needs .'u its report "Noise — 
Sot: ! Without Value" which this analysis shows 
have been met only in part. 

Although ;:cveral Fe^lcral agor;cies arc involved in 
some aspect of noise pollution R. & D., the majority 
of the funding effort as reported is centered in DOD, 
DOT, and NASA. As would be expected, therefore, 
these programs are almost cxclusivly directed to- 
ward aircraft noise— its reduction, control and hu- 
man effects and rcsj^nse thereto. NASA expends 
approximately 70 percent of ell funds reported for 
noise R. & D. within the Federal ap.ency programs. 
Average Federal funding for '!^oisc R. & D. • fiscal 
years 196d and 1971 was approximately $21 to $25 
million per year. 

Although the Federal Government has identified 
and if implementing R. & D. programs, reeds and 
gaps rcrna**n. There is a need to develop guidelines 
for modifiouiion and f-os-^ible i*cfri*ofit of earrcnt air- 
craft. Thdvc ip a need to develop noise certification 
for .'hort takeoff and landing (8T0L) and vertical 
takci;!! ond landing (VTOL) aircraft. The develop- 
ment of international sonic boom analysis and impact 
studies is proceeding. Operating procedures for air- 
craft noise abatement and refined guidelines for 
compatible land i: .*e planning need to be developed. 
New experimental approaches are underway to visu- 
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alizo and analyze ilio coniplox plirnouiena involved 
in jot noise generation. 

A need exists to conduct noise nu»asurenient, 
anal}'ses, and information distribution to assist trans- 
portation system planners and operatoi-s. 

Similarly, noise nieasurenient and analysis of 
ambient noise levels in remote wildlife areas to de- 
termine imi)act of noise on wildlife is underway. 

Transportation sj'stem noise measurements in 
metropolitan areas have been initiated to gather 
data that will bo used to validate simulation models 
previously developed. 

An investigation of truck tire noise as a follow-on 
to the current automobile tire noise investigation ha« 
been undertaken. 

A program wherein highway noise enforC(Mnent 
problems coukl be examined to det(»nninc areas of 
possible refinement and develop innovative methods 
of noise measurement to assist local officials in en- 
forcing State vehicle noise codes within urban areas. 

Noise reduction pro. . ams designed to demoastratc 
economic means of abating noise generated by exist- 
ing transportation vehicles should be developed. 

A program to demonstrate economic and tech- 
nologically feasible methods of attenuating noise 
transmissions generated by vehicles operating on 
highways or other guideways or both is in part 
underway. 

A complete inventory of current truck noise per-, 
formance should be taken, and noLsc reduction kits 
should be developed. These efforts could be used as 
the first step in the demonstration program on re- 
ducing truck noise. 

Mathematical models of transportation noise re- 
duction and attenuation are being rcfined. 

Area-wide planning studies to consider the causes, 
trends, and the impact of aircraft noise on people 
and communities near airports should be expanded. 
The purpose of these studies would be to formulate 
applicable alternative policies that may be adopted 
to guide land use development in a manner com- 
patible with forecast noise levels. 

Long-term studies of psychological and physio- 
logical effects of noise on man need to continue. 

Over the years little has been done to demonstrate 
means of abating noise generated by vehicles on our 
highways, hence, little has been accomplished by 
way of actual noise reduction, and many arguments 
primarily of an economic nature have been made 
against attempts at State and local highway noise 
enforcement programs. In addition, the need for 
mass transit vehicles to supplant the individual auto 
in congested urban areas will be taxing a substantial 
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but diffused luxly of knowledge regarding the design 
and eonst ruction of acoustically acceptable mass- 
transit systems. It is, therefore, necessary in a 
priority fashion, to design and develop efforts to 
demonstrate the effectiveness of current and ad- 
vanced state-of-the-art noise reduction as applied to 
surface transportation vehicles. This effort could 
also explore in a more cuisory fashion the economie 
impact of such noi.se abatement technology in 
practice. 

Initial effort should be aimed at demonstration 
projects for the most populous vehicles involved in 
the areas of lai'gest community annoyance. As |)mg- 
irss is matle on the V(»hicle.s presently cre:iting tlie 
most noise, other vehicles will begin to evolv(» as tlu* 
most troublesome, hence, warranting demoastration 
projects of those vehicles in turn. 

It is anticipated that the results of these vehicle 
demonstrations would permit and become the basis 
for progressively more .stringent State highway noise 
standards. This, in turn, could provide the impetus 
for the inclusion of the technology developed within 
this research area as routine in the design and manu- 
facture of vehicles. 

Systematic research and demonstration evaluation 
programs should be supported with the intention of 
properly assessing curi-cnt practices and developing 
new and innovative methods of attenuating noise 
transmission away from transix)rtation rights-of- 
way. Specific areas to \yc explored are noise barriers 
(capable of being added to existing roads and de- 
signed into new roads), absorbent materials on re- 
taining walls and abutments, roadside terrain con- 
touring and planting trees and other vegetation, 
traffic flow control devices, and other design features. 

In addition, techniques t6 aid highway noise en- 
forcement could be developed to permit such enforce- 
ment programs close to urban residential areas and 
on highways employing noise abatement features. 

The results of this research area would provide a 
direct input to State and Federal highway planners 
as well as State highway law enforcement organi- 
zations for immediate application within State en- 
vironmental programs. 

A continuing program of research into the funda- 
mental aspects of noise generation and propagation 
should be supported as a source of new and more 
effective concepts of noise abatement theory and 
technology. Future development and demonstration 
programs would be able to draw on these concepts to 
inhibit the escalation of transportation noiso in our 
society. While some efforts will pertain to scientific 
investigation of a generalized nature with such broad 



potential application as to preclude identification of 
the research with .specific transportation vc5ucl(»s, it 
is anticipated that end results of all of the research 
would have s|)ecific application to transportation 
noise abatement and that such applications will be 
fully postulated. 

Contributions of noises from intei'state highway, 
airport, and major transiX)rtation terminal to overall 
ambient noise levels in urban areas .should be further 
defined by building ui)on further measuivnients. 
Refined measurements would be made in accordance 
with a detailed plan formulated to easure that .suffi- 
cient data will be obtained to permit a factoral 
analysis. 

Studies and analy.ses should be conducted to de- 
termine the feasibility of monitoring urban noise on 
a continuing basis to further identify conVributioiis 
made by transportation vehicles. Based upon these 
measurements, demonstration programs of urban 
noise level monitoring could be initiated. 

Analytical and mathematical models previously 
developed should be refined on a continual basis to 
provide more useful analytical tools for urban plan- 
ners, vehicle manufacturers, {ind roadway builders. 

Interrelated noise information services need to be 
provided in ordei* that research and advisory infor- 
mation can be made available to appropriate State 
and local officials to assist in the establishment and 
enforcement of noise standards, planning, construc- 
tion, and maintenanee activities. 

Little attention has been focused upon the effects 
of noise in water. With the concern of the Nation 
for the possible effects of sonic booms on trans- 
oceanic flight paths, there should be cause for more 
scientifically based data on the effects of noise and 
overpressure on various forms of marine life. 

R. & D. is still needed to determine the hearing 
damage from different noise sources. Continuing 
R. & D. is required in human response to low- 
frequency noise, personnel protection, communi- 
cation, and subjective responses to aircraft noise. 

There would appear to be little if any overlap or 
duplication among the Federal agencies involved in 
noise control. Duplication could possibly exist in 
adapting the state-of-the-art from one noise source 
to another that is not completely dissimilar. It is 
also possible that R. & D. indirectly related to noise 
pollution control could be utilized in a more direct 
manner than is now apparently the case. It is also 
possible that R. & D. facilities and expertise in each 
Federal agency involved in noise control could be 
jointly used to a greater extent through interagency 
agreement and cross-funding. 



RADIATION 

Summary 

U. & D. in the field of ionizing and nonionizing 
radiation is dirrctnl toward obtaining a completer 
understanding of th(» source, transport proc(»ss(»s, 
physical, clunuical and biological eff(»cts, singly or in 
coniljination with other pollutants on receiptors in 
all media. 

The information pertaining to radiation has boon 
divided into the following categories: lOvaluatiou of 
effects, measuring and monitoring, prevention and 
control, and transport and fate. Th(» funding in oaeh 
of these categorie.s for fiscal yours 1969, 1970, and 
1971 is .shown in figure 9 (p. 58). Table 10 (p. 59) 
summarizes the funding of each of thes(» cat(»gori(»s 
by each of the Federal agencies involved in U. & D. 
pertaining to radiation. 

Evaluation of effects allows a better undei>;tanding 
of the immediate and long-tenn effects of exposure 
to ionizing and nonionizing radiation. A lai'ge part of 
radiation effects research is conducted at the cellular 
and mole(iular level in search of mechanisms of 
somatic and genetic damage and repair. These basic 
studies are highly relevant to the assessment of cau.se 
and effect of other toxic agents such as chemical 
pollutants. 

Instmment development to measure and monitor 
radioactivity is an important part of this program. 
About $10 million is devoted each fiscal year (1969- 
71) to this effort, which involves the AEC, DOD, 
EPA, and HEW. This program supports several other 
Federal activity assessments of environmental radi- 
ation control and is a prerequisite to interpretation 
of radiological effects. Improved analytical tech- 
niques of greater sensitivity are being developed and 
investigated for application to a broad range of 
environmental problems. 

Prevention and control technology R. & D. re- 
ceived the least funding of the categories addressed 
in this analysis. About $5 million for each fiscal 
year 1969-71 were identified. R. & D. devoted to 
improving the collection, handling, treatment, and 
disposal of radioactive wastes have been important 
parts of this program. Studies are also underway to 
develop procedures to reduce strontium-90 from 
nuclear fuel reprocessing plant aqueous effluents. 

The AEC expended moro than 95 percent of the 
funds allocated to all Federal agencies for R. & D. 
purposes. A substantial part of the work on transport 
and fate of radionuclides is funded by the AEC and 
accomplished by other Federal agencies. Interest in 
transport and fate studies stems from the fact that 
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nOURE 9.— FEDERAL RU> FUNDS 

RADIATION by Program Area. FY 1969. 1970. 1971 
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Taiilk 10. — Summarff of funding for radiation n search and 
ilvvvlopmntt by various FvtU ral agvnc it s^ fiscai years 1060-71 

(FiRurcfl in iniUiotis of dollars) 



Kvoluii- MeanuriiiK Preven- Trans- 



AReni'y niid tinn tion port Total 

fUcalycnr of nionitorhiR nnd and 
efTei'tx control (ate 



AEC: 

1000 40. us 8.72 5.08 13.80 08.07 

1070 40.35 9.57 4.87 15.01 70.70 

1071 30.50 0.37 5.13 15.11 09.10 

DOD; 

1909 0.90 .20 05 1.15 

1070 82 .01 .83 

1971 82 .01 .83 

EPA: 

1909 

1970 28 . 54 .02 . 27 1.11 

1971 78 . 59 . 03 .90 2.30 

HEW: 

1000 2.55 .70 .65 .35 4.25 

1970 2.00 .85 .CS .28 4.50 

1071 2.78 .70 .70 .40 4.07 

N8F: 

1000 .22 .22 

1070 .20 .20 

1071 32 . 32 



. ToUlaU 
agencies: 

1000 44.43 0.62 5.73 14.51 74.20 

1070..... 44.14 10.06 5.57 16.70 77.43 

1071 43.07 10.75 5.85 10.80 77.37 



radioactivity may be introduced into the environ- 
ment in many ways. The ability to understand the 
mechanism by which radioactive materials move 
through the natural environment is of paramount 
importance to this Nation and internationally. From 
these studies^ it should be possible to predict reliably 
where and how rapidly such radioactivity will be 
transported. Approximately $16 million annually has 
been devoted to this R. & D. effort during fiscal 
years 1969-71. In addition to the AEC program, 
research is being supported by the DOD, EPA, 
HEW, and NSF. 

It would also appear that the funding level for 
prevention and control technology is low when com- 
pared \nth the level of effort in other areas of work 
reported. 

Although few Federal agencies reported R. & D. 
efforts currently underway in the uonionizing radi- 
ation area, some work is being accomplished involv- 
ing microwave and laser exposure effects and stand- 
ards development. 

Urgently needed epidemiological studies on ioni^ 
ing radiation should be undertaken. Low-level radi- 
ation exposure studies on young developing tissues 
are required. Along similar lines, fetal and organ 



.sensitivity research efforts un humans and animals 
arc ncccssaiy to provide knowledge that is still not 
available. 

In nonionizing radiation, health effect studies and 
the dovolopmcnt -of measurement techniques arc 
urgently requii*ed to assess the potential hazards of 
microwaves, UHF and VHF radiation, and radio 
frequencies in the general environment. 

Analysis 

The AEC is responsible for almost the entire 
Federal program of R. & D. related to radioactivity. 
Some mission-oriented work is being accomplished 
by several other Federal agencies, including the 
DOC, DOD, EPA, and HEW. 

R. & D. is still necessary to reduce the discharges 
of radioactive material to the environment. In- 
creased research on the biological effects of low-level 
radiation is required to further investigate the ade- 
quacy of existing standards. Investigations arc still 
needed to assess transport and fate of radionuclides 
through the land and water environments. Although 
land-disposal techniques are acceptable alternatives 
to ocean disposal, this area must receive additional 
emphasis in light of President Nixon's recently an- 
nounced national policy on regulated ocean dumping 
and proposed legislation currently before Congress. 

POPULATION 

The Distinction Between Population Research 
and Environmental Research 

This report discusses the ways in which popu- 
lation factors (current numbers and distribution of 
people in the United States, historical trends, and 
projections) seem likely to affect the quality of our 
physical environment. In particular, the Committee 
has attempted to identify Federal R. & D. activities 
that specifically relate the growth and distribution 
of population in the United States to the pollution 
of the air, water, and land— pollution that directly 
affects our health and the esthetic quality of our 
lives. 

At the outset, the reader should be warned against 
the pitfalls involved. There is a popular but grossly 
oversimplified idea that the best way to control en- 
vironmental pollution is to reduce population growth 
as rapidly as possible and to stabilize the population 
at some optimal level. Some observers have sug- 
gested that this^level should be even smaller than 
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tlio pn».sont U.S. population of 205 iiiilliou. It is tmo 
that a growing population may aggnivato our (»n- 
vironiiKMital pmbloins simply l)oeaus(» an ihcr(»as(»(l 
nuHilxM' of people will eonsuiiio mow goods and 
gontM'ate more wjustos. However, while precise data 
ar(» frequently lacking and estimates vaiy with sp(v 
cific pollutants and the specific v(»ctor (air, water, 
land), pollution in the United States ha« increased 
much fastcM' than population. The hulk of the in- 
crease in pollution must be attributed to our use of 
tlie Nation '.s economic abundance for industrial and 
technological development and to individual con- 
.sumption, dispcsal, and behavioral patterns. 

While population growth per .se is thus not the 
major contributor to environmental |X)llution in the 
United States, the increasing concentration of our 
population in metropolitan areas docs have profound 
and often adverse effects, both on urban areas and 
on rural areas, which over the past decades have 
been continuously losing population. 

In addition to the di.stractin£ noise levels and 
frustrating congestion that seem to characterize most 
of urban life in America today, the pollution of the 
water and air and the accumulation of garbage, junk 
automobiles, and industrial wastes in metropolitan 
areas are all too visible and familiar phenomena 
giving rise to increasingly loud cries of public outrage. 
The high concentrations of population in inner cities 
and the suburban rings suirounding them have as 
their concomitant a concentration of effluents as- 
sociated with the general affluence and the high 
levels of energy use and product consumption Amer- 
icans enjoy. 

It should be made clear that attempts to influence 
birth rates or to reverse the ongoing concentration 
of population are no substitute for direct and sus- 
tained efforts at reducing per capita pollution of the 
environment, disposing of unavoidable waste prod- 
ucts, and systematically altering existing technology 
so that our waste products are less hazardous to 
man and other living species. 

The Commission on Population Growth and the 
American Future was established in March 1970 and 
is scheduled to submit its final report to the President 
and to the Congress in March 1972. Among other 
things, the Commission will consider whether or not 
there should be established a policy aimed at popu- 
lation stabilization, the ways in which population 
stabilization should be achieved and maintained, as 
well as the demands for jobs, housmg, schools, 
transportation, and other amenities that are likely 
to be imposed by the additions to our existing popu- 
lation which can be expected between now and the 



turn of tlie contuiy. At pix»sent the U.S. GovcM'runent 
has no official policy for controlling either population 
growth or population distribution. Obviously, the 
r(»port of the deliberations of the Commission will 
be important to those agencies concern(»d with en- 
vironni(?ntal planning and environmental |)olicy. 
However, for r(»asons pointed out above, the ivconi- 
niendations of the Connni.s.sion cannot be reasonably 
e.xpected to .solve our very ival environnicMital 
dil(Mnnuus. 

With the (Miactment of th(^ Family Planning Serv- 
ice and Population Re.search Act of 1970, the Federal 
Government has committed itsc»lf to a policy of pro- 
viding fanuly planning services for |)oor people de- 
siring such services. In addition, the act provides for 
information and education efforts to the general 
public about e.\i.sting methods of contraception and 
where the necessary services, devices, and materials 
can be obtained. 

Irrespective of the overall impact on population 
trends in the United States, tluj act itself does not 
constitute nor is it intended to constitute a |X)pu- 
lation control policy, let alone a policy to enhance 
our control over environmental |X)llution. It does, 
however, provide for an e.xpaasion of population 
research, parts of which in the behavioral and social 
sciences may be i-ehitod to (but arc not synonymous 
with) research and development efforts on environ- 
mental quality. 



The Importance of Demographic Data 
for Environmental Purposes 

While demographic i^esearch per se is not a sub- 
division of environmental research and development, 
it is necessary to underscore the need for accurate 
data about existing status and historical trends m 
regard to both population size and distribution. Such 
accurate data are the basis for improved projections 
which environmental planners and policymakers 
must rely upon in arriving at their own projections 
of total pollution load, resource depletion, and eco- 
logical impact. The activities of the National Center 
for Health Statistics in collecting and analyzing 
birth, death, marriage, and divorce data coupled 
with the decennial census and related activities of 
the Bureau of the Census provide the best existing 
quantification of several key variables in the scien- 
tific study of man in relation to his environment. 
These descriptive demographic data have such multi- 
ple uses, encompass so many social concerns, and 
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are used by so many Federal agencies that thoir 
importance is sonietuncs overlooked in problem- 
oriented task forces, and their future availability 
and excellence may unwisely be taken for granted. 

In periods of budgetary austerity there is a danger 
that we will cut back unwisely on the supix)rt of 
important descriptive activities such as those of our 
general statistical agencies in favor of **targeted'' 
reseai ch on problems of urgent public concern. There- 
fore, environmental specialists, along with other 
action-oriented agencies and group.s, must recognize 
that it is in their own self-interest to advocate con- 
tinuing Federal support of these general demo- 
graphic activities. Without these statistics, many of 
their own necessary calculations will become impos- 
sible and projections will become increasingly un- 
reliable. 



Definition of Pertinent Researcli 

This report includes only population research re- 
lated directly to domestic environmental quality and 
includes specific details on only those research proj- 
ects that explore the impact of population factors 
on the pollution of air, water, and land. The Com- 
mittee sought to identify as completely as possible 
federally sponsored or conducted research on (1) 
population size (growth) as it affects environmental 
quality ; (2) population distribution and density as 
it affects environmental quality; and (3) the relation- 
ship of population characteristics to per capita 
contribution to physical pollution of the environment. 

It is necessary to apply strictly construed criteria 
in identifying population research relevant to en- 
vironmental quality. To do otherwise woujd-obscure 
the focus of the overall report by includin'g virtually 
all demographic research, contraceptive development 
activities and a wide array of fundamental repro- 
ductive biology, operational research on the delivery 
of family planning services, factors affecting family 
size perferences and many other types of studies. 



Sources Reviewed In the Searcli for Federal R. ft D. 
Populetion Environmental Inlerrelationslilps 

The major published sources for Federal popu-. 
lation research are: 

• Ttie Federal Program in Papulation Research. — A 
report to the Federal Council for Science and 



Technology prepared by tlu* ad hoc proiip on 
population research, U.S. Governniont Print ins 
Office, July 1, 19G9. 

• The Federal Program in l^opuUdion liesearch. — 
Inventory of population research by Federal 
agencies during the fiseul year 1970, propar(»tl 
by the Center for Population Research, National 
Institute of Child Health and Ilinnan Develop- 
nient, U.S. GovtM'nment Printing Office, De- 
cemb(M'31, 1970. 

• Population Growth and America's Fidure. — An 
interim report prepared by the Conunission ou 
Population Growth and the American Future, 
U.S. Government Printing Office, March 10, 
1971. 



Federal Research and Development Activities Concerned 
With Population Environment Interrelationships 

Only a .small number of Fedeml I'esearch projects 
were found whose avowed puri>ose was to relate 
population factors to environmental quality. One 
series of efforts now underway is spori.sored by the 
Commission on Population Growth and the American 
Future. Under contract with the Commi.ssion, Re- 
sources for the Future will conduct studies on the 
basis of which they "will advise the Commission as 
to what pattcrn.s of population growth and distri- 
bution would be consistent with rational use of re- 
sources and the environment, as well as how the 
Nation might accommodate increasing numbers 
and/or density of population without exacerbating 
existing resources and environmental, problems." 
Among topics being investigated by Resources for 
the Future, the following seem particularly germane 
to population/environment interrelationships: 

• Developing a conceptual framework that would 
separate demographic factors from other de- 
terminants and provide a basis for assessing 
the sensitivity of environmental quality and 
resource demands to these factors. In addition, 
the framework will seek to isolate effects due to 
population growth and those due to population 
redistribution; 

• The implications of population growth and 
distributions for several types of pollution — air, 
water, and land pollution. Waste disposal and 
b3rproducts of energy consumption will be in- 
vestigated to illustrate how population growth 
might play a role in each of these types of pel-- 
lution; and 
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• The resouitJc and cnvironinontal consoqiioneo.*; 
of various changes and technology and/or insti- 
tutions as they modify the impact of popuhition 
growth. 

• The impUcations of population growth and 
distribution on future roci-eation demands and 
i-esourees. 

• The impUcations of population growth for future 
energy demands and resources. 

In support of these efforts, Kesourees for the 
Future is expeeted to allocate at least 30 nian-nionths 
of professional staflf time and to contract outside its 
own organization for five i-eseai-ch projects costing 
an average of $5,000 each. 

As part of its efforts in civil works, the Army Coips 
of Engineers has supported at Harvard UnivcM-sity 
three related studies costing a total of approxi- 
mately $100,000 whicli attempt to relate population 
factors to environmental impact. These are as 
follows: 

• "A eomparative study in resource analysis meth- 
ods." The study compai-es 60 methods of ana- 
lyzing water resource projects including land 
use and ecological effects, population growth, 
and population distribution. 

• "A systems analysis for planning a multiple use 
of control water areas." An investigation of 
ecological impact from reereat ion-oriented 
watersheds. Recreation needs are quantified, 
and, given the reservoir location to satisfy these 
needs, the impact upon the ecology is measured. 

• "A study of resource use in urbanizing water- 
sheds." The study includes "♦♦♦a model con- 
structed to enable planners to evaluate quickly 
the damaging impact of urbanization (and 
changing land uses) on the runoff characteristics 

. of a river basin." 

These were the only Federal projects found which 
related population factors to their effects on environ- 
mental quality. The Commission on Population 
Growth and_ the American Future has asked some 
American scientists to prepare reviews and specu- 
lative papers on population/environment. These are 
discussed below in connection with environmental/ 
population research needed. 

Departimntof Agrieultwe 

The Population Studies Group in the Economic 
Research Service is particularly interested in rural- 
urban demographic trends. Some of the projects 
carried out under the auspices of the Agriculture 
6eld stations produce population-related data for 
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small arenas, which may ho helpful to agencies rc- 
.sp()n^il)le for (MiviroiuncMital control activities in those 
particular aivas. 

Department of Commerce 

The Census Bureau performs special analyses and 
studies xmdcv contract to various Fcnlenil agencies, 
including many agencies with environmental re- 
.siwnsibilities. This shows tlu* expifssed newl for 
sound demographic data in planning and mounting 
programs to control pollution and enhance envimn- 
mental quality. Th(» decennial census of popuhition, 
the C(Misus of housing, and the census of manufactures 
also provide an essential data base for dealing with 
a vari(»ty of environmental eoncerns. 

Environmental ProtectiQn Agency 

EPA undoubtedly will be interested and involved 
in msearoh efforts that view population factor as 
indeixjndent variables and various tyix*s of environ- 
mental pollution as dependent vanables. However, 
no such studies have been identified as underway by 
EPA at the time of the present roview. 

Department of Health, Education, and Welfare 

The National Center for Health Statistics collects 
and analyzes birth, death, marriage, and divoroe 
data. These data are keystones in comprehending 
and projecting population trends in the United 
States. The Center for Population Research in the 
National Institute of Child Health and Human De- 
velopment has launched an extended social science 
research program in population. Particularly relevant 
to environmental concerns is the fact that the Center 
for Population Research is attempting to stimulate 
and is prepared to support competent research on 
the ecological and environmental impact of popu- 
lation growth and of urban and industrial develop- 
ment coincident to population changes. 

National Science Foundation 

The Division of Social Sciences and Human Re- 
sources of the Research Applications Directorate is 
one that can potentially support some kinds of com- 
plex research on the interface between human popu- 
lation, problems and environmental problems. In 
addition, both the ecology and social science research 
activities within the Research Directorate of the 



National Scinico Foinulauoii might logically involve 
same human popuhition-onvironnicnt i^t(M•fao(^ 



State Department^ 

Agency for f nternation Development 

Tlio AgcMic}' for Int(M'na(ional Dc^volopmcMit has a 
large* research effort in population and family plan- 
ning which also addressees i(s(»lf extensiv(»ly to the 
relationship be(w(»(»n population factoids and eco- 
nomic (Ic^velopnient in ihc l(»s.s developcul countri(».s 
of the world. IIowevtM', pollution contml has not 
b(»en a major emphasis of the population research 
program of AID and sinci* the program is oricMited 
exclusively toward nonindustridized foreign coun- 
tries it is not directlj' applicable to domestic environ- 
mental protection effoi'ts. 



Commission on Population Growtli and 
tiie American Future 

The Commission, which has a 2-j'ear mandate 
terminating with a final report in March 1972, is 
for the time being the key Fedei'al group addressing 
itself specifically to liopulation-environinent inter- 
relationships. Its ongoing research efforts on this 
topic were described earlier in this chapter and the 
final Commission report should provide useful find- 
ings and suggestions for research crucially needed 
on this topic. 



Otiier Federai Agencies 

A number of other Federal agencies use population 
data for their varied responsibilities but do not cur- 
rently have major reseaitjli and development pro- 
grams focusing on population-environment intcr- 
i-elationships per se. The Corps of Engineers' civil 
works, The Department of Housing and Urban 
Development, the Department of the Interior, and 
the Department of Labor need population data for 
planning their activities, many of which can affect 
environmental quality. 



Researcli Needed on Population-Environment 
Interreiitionsliips 

The pervasive and complex problems involved in 
either population or environmental phenomena re*- 
quire sustained and systematic scholarship and re- 
search to improve our comprehension of these im- 
portant subjects. When the interfaces between popu- 



lation phenoHKMia and (Mivimnmental phenomena luv 
eonsideivd, the int(?llectual and scicmtific challenges 
involv(»d become greater than ever. 

The Commission on Population Growth and the 
AmcM'ican Future discussed .some of these ehallenges 
in chapter 3 of its Int(»rim Report dated March IG, 
1971. Tlu» Connnission ol)sc»rv(»s in its report that 
**to considtM" population gmwth or concentration as 
th(» root eaus(» of our Nation's social and (^nviron- 
mcMital ills is cl(»arly simplistic ***rapi(lly rising levels 
of per capita eonsuniption and teelmologieal mis- 
managenu>rit app(»ar to contribute mon» to environ- 
m(»ntal pollution than does a gradual ris(» in total 
population." However, they acknowledge, "ev(»n 
though population growth is not tin* primary cause 
of enviroinuental deterioration, it may well magnify 
problems arising from the way we use our resources 
and technology." For this roa.son, the Commission 
report says, **economi.sts and ecologists have been 
enlisted by the Counni.ssion to determine the effects 
on the environment of |)opulation growth, techno- 
logical change, and changes in d(»mand resulting 
from greatcM' afflu(»nce." 

With respect to th(» distribution of population, the 
Commission report notes "a large city might actually 
be better able than small conmumities, to afford 
ecologically sound solutions to many environmental 
problems. So simply redistributing the population 
might not solve many of the population-related 
problems we face." 

There is a need for valid data and greater under- 
standing about the synei'gistic effects of economic, 
technological, demographic, and other social factoi-s 
on environmental quality. In addition to the work 
iDcing undertaken at the i-equest of the Commission 
on Population Growth and the American Future, 
the Center for Population Research, the National 
Institute of Child Health and Human Development, 
has publicized its ability and eagerness to support 
mentorious and innovative research that i)romiscs 
to .shed light on the population-environment inter- 
face—a subject about which there is currently far 
more controvei'sy than reliable knowledge. Their 
request for reseaitjh proposals states: '*The inter- 
relations between population, technology, and in- 
dustrial development are in particular need of clarifi- 
cation to guide the formulation of policies with 
reference to environmental quality." 

A number of scholarly papers have appeared in 
Science on the relationship between population and 
environmental quality and one theme of the De- 
cember 1970 meetings of the American Association 
for the Advancement of Science was population- 
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environment interrelationships. Both the scientific complex nature of the phenomena to be examined, 

community and the Federal Government arc be- the variety and number of scientific and technical 

ginning to delineate some of the practical and thco- disciplines that will have to be involved in such in- 

retical issues on which research is needed. Such vestigations, and the high degree of expressed public 

research will probably require heavy investments of concern about the environmental ills that threaten 

Federal dollars in the near future because of the and disturb us all. 




APPENDIX 1 



Air Quality 



Funding of R. & D. pertaining to air quality for 
fiscal years 1969, 1970, and 1971 is i-eported in table 
3 (p. 19). 

EVALUATION OF EFFECTS 

Atomic Energy Commission (AEC) 

In addition to the eflfeet of radioactivity (described 
in the special studies — radiation section) the AEC 
research program addresses the effects of waste heat 
from power generation and usage on the environment. 
In a cooperative effort with NSF at St. Louis, the 
effects of waste heat and air pollution on urban 
diffusion and on precipitation are underway.* 

Department Of Agriculture 

The objectives of USDA's research program are 
(1) to determine physiological, biochemical, and 
pathological effects of air pollutants, singly and in 
combination, on growth and productivity of field 
crops and horticultural plants; (2) to devise methods 
for protecting plants from air pollutants, including 
use of genetic, chemical, and cultural control; and 
(3) to find methods of assessing the efficiency of 
plants in removing air pollutants. Results include 
the development of facilities for assessing the re* 
sponse of plants to air pollutants. Some resistant 
plants have been identified. Studies have also in-* 
vestigated the effects of ozone and ethylene. 

Funds (in millions of dollars) expended by USDA 
for evaluation of effects during fiscal years 1969-71 
are as follows: 

1969 1970 1971 
L31 1.3d IM 



* Funding for this AEC program has been included in the 
totalfl listed in the special studies-eradiation section of this 
report* 



Department of 

Health, Education, and Welfare 

Tho Carcinogenesis ami of I ho National Cancer 
Institute carries out a continuing program of annual 
bioassay for the assossniont of onvironmental hazard 
I'esulting from chronic exposuro to a variety of air 
pollutants. Under study at this time in animal 
systems arc a variety of polycyclic hydrocarbons 
and related heterocyclic compounds found in urban 
atmospheres, tobacco .smoke and smoke condensates, 
asbestos, metal oxides, and a number of other air- 
borne dusts. 

To carry on this program, it has be(m necessary 
to establish a resource for the production and char- 
acterization of fine particles having a high degree of 
purity and physical uniformity. 

Funds (in millions of dollars) e.\pended by HEW 
on evaluation of effects during fiscal yoai's 1969-71 
are as follows: 

mo 1970 1971 
0.20 0.34 0.23 



Department of Transportation 

DOT is investigating the effects of exposure of 
people to concentrations of aircrart engine emissions 
with respect to physiology, discomfort, or annoyance. 
Also studied are the effects of varioas concentrations 
of such emissions and fallout of particulate matter 
on property. DOT has also initiated a research pro- 
gram to provide standards for environmental quality 
in the areas near airports. Future plans include the 
implementation of operating standards based on the 
research conducted. 

Funds (in millions of dollars) expended by DOT 
on evaluation of effects during fiscal years 1969-71 
are as follows: 

1969 1970 1971 
0 0.05 0.24 
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Environmental Protection Agency 

EPA's research program on the effects of the 
common air polhitants was reported by th(» Air 
Polhition Control Office. The objectives of this 
R. & D. are to determine the impact of air pollution 
and air pollution control on man and the environ- 
ment and to provide the scientific basis for air 
quality criteria and standards for the major air 
pollutants. 

Among other accomplishments, EPA research in 
this ai-ea has contributed to the scientific and tech- 
nical base from which air quality criteria reports 
have been developed for sulfur oxides, particulates, 
carbon monoxide, hydrocarb^^ns, and other major 
pollutants. Criteria documents form the basis for 
air quality standards. 

In fiscal year 1971, the Agency is conducting 
R. & D. on the effects of air pollutants, either singly 
or in combination, on livestock, vegetation, the food 
chain, and selected natural ecosystems. Several 
studies on the effects of air pollutants on economi- 
cally important materials, such as paints and rubber, 
are in progress. The social and esthetic impacts are 
being studied. Two reports on odorous compounds 
and visibility will be prepared. Several reports an 
the economics of air pollution, such as the cost of 
clean air, cost to industries, and control by in- 
centives, are to be completed in 1971. 

Studies are also being conducted on the effects of 
SOxi CO, particulates, NO,, oxidants, hydrocarbons, 
and trace metals, singly and in combination. Re- 
search on chronic exposures to low levels of these 
contaminants and studies to determine the threshold 
limits for short-term exposure are also being con- 
ducted. 

A 5-year plan to delineate the air pollution aspects 
of urban transportation planning activities is being 
developed. Guideline documents concerned with 
roadway design and alternative transportation sys- 
tems will be issued in fiscal year 1971 to assist city 
transportation planners in minimizing mobile source 
pollution. 

Under the Community Health Effects Surveillance 
(CHES) program the following will be accomplished 
in fiscal year 1971: Feasibility studies to determine 
the most sensitive indicatoi's of health status of 
populations; extension of the CHES program into 
three additional cities; continued surveillance of 
health status of exposed population in relation to 
particulate air pollution levels; and continued col- 
lection of baseline data of health in New York City 



to study the effect of improving air quality in future 
y(?ars. 

Future work in this area will include riwai'ch on 
the environmental effects of pesticides and trac(* 
(»lement.s. Several studi(»s of the (economic (»ff(»cts of 
air ])ollutk)n on materials will be puisued, and an 
in-house laboratory capability in this area will be 
developed. Other research will include* studies of 
odoi-s, visibility, and the behavioral effects produced 
by air pollution. Kleven additional industry cost 
studies will be initiated in fiscal year 1972. Ad- 
ditional work will be conducted to determine the 
health effects of air pollution. A cooperative effort 
between DOT, EPA, and HUD on urban and tran.<i- 
portation planning will be undeway in fiscal year 
1972. 

Funds (in millions of dollars) expended by EPA on 
evaluation oiF effects during fiscal yeai'S 1969-71 are 
as follows : 

im 1070 1971 
8.60 8.70 8.4') 

National Science Foundation 

As a part of the NSF General Ecology program, 
a pilot study is underway to determine the levels of 
SOx and O3 that produce observable changes in the 
photosynthetic rate of .white pine, chosen because of 
its high sensitivity to oeone. NSF is also studying 
the effects of air pollution on weather. Of particular 
interest is a project in the highly polluted St. Louis, 
Mo. area, where the climatic effects of air pollution 
are being analyzed through support from the Na- 
tional Center for Atmospheric Research (NCAR) and 
the program Research Applied to National Needs 
(RANN). 

Funds (in millions of dollars) expended by NSF 
on evaluation of effects during fiscal years 1969-71 
are as follows: 



1969 
2.24 



2.40 



1971 
2.71 



Tennessee Valley Authority 

TVA is participating financially with Edison Elec- 
tric Institute, Bituminous Coal Research, and others 
on a research project directed toward obtaining 
fundamental knowledge of the physiological effects 
of sulfur dioxide and related steam plant pollutants 
on experimental animals. 

Funds (in millions of dollars) expended by TVA 
for research into the effects of air pollution during 
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fiscal year 1969-71 aio as follows: 

W69 W70 107 i 
0.02 0.02 0.02 

MEASURING AND MONITORING 

Atomic Energy Commission 

The AEC conducts a worldwide air and precipi- 
tation sampling sy.stom, and in cooperation with 
DOD, conducts a high altitude sampling program 
for fallout radioactivity. The data arc needed in the 
development of improved general atmospheric circu- 
lation and long range fallout models. Measurements 
of sulfates, water vapor, ozone, HNO3, ammonia, 
etc., have been recently added to the high atmosphere 
program, and stable metals to the surface program J 

Department of Commerce 

The current program of DOC research directly 
related to measuring and monitoring techniques for 
air pollutants includes a number of projects related 
to particulates. For example, a project is being con- 
ducted to develop a simple method for determining 
size distribution of airborne particles by light scatter- 
iug. Other research is aimed at developing standard 
reference samples for airborne particulates. Studies 
of the photochemical reactions of SO2, singlet O2, 
and O3, as well as the thermodynamic properties of 
air mixtures, are also underway. 

Future DOC research in this area will include a 
greater number of projects leading to new standard 
reference materials (SRM's) to be certified and 
issued by the National Bureau of Standards for 
on-site instrument calibration by the user. Other 
research on SRM's will be stepped up in anticipation 
of control programs for aldehydes, mercaptans, fluo- 
rides, polynuclear aromatics, trace metals, and heavy 
metals. New projects also will be initiated on atmos- 
pheric corrosion of metals and on the use of the 
corrosion fine of metal wires as a means of measuring 
pollutant concentrations rapidly and cheaply. 

Also reported in this section are some 40 DOC 
projects in analytical chemistry, humidity measure- 
ment, and measurements of properties of gases and 
rates of reaction, which are indu'ectly related to air 

' Funding for this AEC program has been included in the 
totals listed in the special studies— radiation section of this 
report. 



pollution control in that they represent contnbutions 
to the .state of the art in the fields thoy rcpre.sent. 
These projects account for $4.4 million of the total 
funds roiK)rted for fiscal yeai-s 1969-71. 

Funds (in millions of dollars) expended by DOC 
on measuring and monitoring during fi.scal years 
1969-71 arc as follows: 

1069 1070 1071 
1.60 1.74 1.84 

Department Of Defense 

DOD conducts air filtration .studies indirectly re- 
lated to the mea.suriug and monitoring of air pol- 
lution. For example, kits and devices are developed 
in the chemical defense program to detect the pres- 
ence of chemical contamination of the air. 

Funds (in millions of dollars) expended by DOD 
for measuring and monitoring during fiscal year 
1969-71 are as follows: 

I960 1970 1971 
0.02 0.03 0.09 

Department of the Interior 

DOI's Bureau of Mines is conducting fundamental 
studies on the chemical and physical properties of 
coal to provide support data for applied R. & D. 
programs. Spectroscopic, X-ray, microscopic, and 
petrographic studies are being conducted to gain 
additional information about the nature of coal and 
coal products. 

To promote more efficient burning of coal in power 
generation, newly developed techniques are being 
used to study the minerals contained in coal and 
the transformations that these minerals undergo 
during combustion. A nuclear device emplo3ring 
Califomium-252 is being developed to monitor the 
sulfur content in a moving stream of coal lea^ing 
the preparation plant. Research has also included 
the study of over 160 different world coals that were 
ashed in an oxygen plasma and the resulting un- 
altered mineral residues analyzed for their individual 
mineral constituents. 

Future research in this area will include further 
chemical and physical studies of coal to obtain more 
information on the nature of coal and how it behaves 
during various preparation and utilization processes. 
Spectroscopic, microscopic. X-ray, and other ana- 
lytical techniques will be employed. 

The Bureau also conducts research related to 
measuring and monitoring gases and dust in mines. 
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Portable dcvicofi arc being developed for measuring 
noxious gases and float dust in mines. Handheld 
methane metei's, of the required accuracy and pre- 
cision, have been found practical. Other quick- 
recording devices for noxioas gases are in the labora- 
tory stage of development. Devices developed in this 
program must bo inexpeasivc, safe to operate in 
]X)tentially hazardous atmaspheres, and capable of 
providing mpid and accurate rc^adings. Futuix^ plans 
include the construction of prototypes of the devices. 
Evaluatioas arc to be made in mines to determine 
performance characteristics. 

Funds (in millions of dollars) expended by DOI on 
measuring and monitoring during fiscal year 1969-71 
are as follows: 

1969 1970 1971 ^ 
0.40 0.80 1.40 



Department of Transportation 

Research is being conducted by DOT's Federal 
Highway Administration to gain a fuller knowledge 
and understanding of the air pollution problem and 
its scope for various highway and highway-related 
situations. An example is a study of highway tunnel 
ventilation in which pollutants are being measured 
to determine conformity with analytical models, to 
establish tolerable limits for satisfactory use, and to 
develop means of attaining acceptable limits with 
consideration of purification and recirculation of the 
air in the tunnels instead of expulsion into the sur- 
rounding atmosphere. 

Funds (in millions of dollars) expended by DOT on 
measuring and monitoring during fiscal years 1969-71 
are as follows: 

1969 1970 1971 
0 0.15 0.33 



Environmental Protection Agenqf 

EPA's research in this area was reported by the 
Air Pollution Control Office. The three programs in 
this section can be classified as relating to ambient 
air quality, instrumentation studies, and mobile 
source standards. 

The objective of the EPA research program related 
to measurement of ambient air quality is to assess 
the air quality of the Nation in terms of specific air 
pollutants and their sources through a combined 
effort of Federal, State, and local surveillance net- 



works and a fedenilly coordinated information 
s(»rvice. 

In fiscal year 1971, for example, a project is being 
conducted to detennine th(» auilnent concentrations 
of newly defined pollutants. Studies are also being 
made to enable the measuring of aml)i(»nt levels of 
pollutants under s]H'cial conditions such as those 
found around .smelters, near air|)ort tenninals, or in 
canyon .situations. 

The objective of the instrumentation studies pro- 
gram is to assure the timely availability of the 
instrumentation and analytical t^^chniques required 
in support of Federal, State, and local programs for 
all major pollutants. 

Current programs include research on .several ad- 
vanced instruments and methods, such as atomic 
emission fluorescence, infrared devices, spectroscopy, 
particle light .scattering, and laser absorption for 
monitoring acetylene, ethylene, allergens, ozone, sul- 
fur oxides, carbon monoxide, nitrogen oxides, beryl- 
lium, chlorihe, hydrogen chloride, asbestos, mercury, 
and additional trace metals. 

Improved techniques are being provided for as- 
sessing urban atmospheric conditions by completing 
data reduction techniques for thermasonde use, as- 
sessing atmospheric thermal stability, and demon- 
strating an acoustic doppler radar system for remote 
measurement of wind and turbulence. 

In fiscal year 1971, instmments will be field-tested 
for ambient air monitoring of ozone, particulates, 
H2S, gaseous and total fluorides, total sulfur, CO, 
methane, asbestos, and pesticides. The necessary 
design and performance criteria are being developed 
for prototype field instruments to measure remotely 
stack emissions of imrticulates, nitrogen oxides, and 
sulfur oxides. Sensors and monitors will be evaluated 
for source measurement of sulfur dioxides, nitrogen 
oxides, particulateis, and fluorides. 

The comparative testing of available stationary 
source monitors for CO, CO2, 02, and sulfur oxides 
and manual methods for sampling stationary source 
emissions for particulates and SOx will be completed 
in fiscal year 1971. Technical assistance also will be 
provided for the application of a craft mill sulfur 
gas analyzer* 

A single multichannel analyzer to analyze exhaust 
gas for carbon monoxide, carbon dioxide, hydro- 
carbons, and nitrogen oxides is being constructed. 
Sampling and analysis techniques for particulate 
emissions in auto exhausts, techniques for reactivity 
determination, and more sensitive techniques for 
nitrogen oxides, carbon monoxide, hydrocarbons, 
and particulates in exhausts from power plants are 



being' surveyed and evaluated. Studies to develop 
chromatographic iiietliods for rapid analysis of 
benzo-a-pyrcne and 6 to 12 polynuclear arcnes are 
also underway. 

Future EPA research in this area will ho aimed at 
further develoi)ing the instruments designed in fiscal 
year 1971, and at least eight other tenhniques for 
high priority pollutants named in national ambient 
air quality standards and national emission stand- 
ards. The feasibility of measuring total atmospheric 
pollution by using ground and coorbiting satellite- 
borne electromagnetic energy receivers and sources 
also will be demonstrated. An opemtional prototype 
acoustic doppler system will be developed, and the 
construction of a second generation radiometric 
thermasonde will be initiated. Prototype field instru- 
ments for remote measurement of sulfur dioxide, 
particulate, and nitric oxide from stationary sources 
will be developed. 

The objectives of research related to mobile source 
standards and procedures are applicable to f\\l new 
motor vehicles for the 1972 to 1975-76 model years 
and to have fully implemented compliance, surveil- 
lance, and inspection systems that will insure that 
all motor vehicles produced, domestic and foreign, 
meet applicable standards at the time of production 
and maintain acceptable emission performance levels 
through the entire life of the vehicle. 

Current research is aimed at identifying and 
quantifying particulate emissions originating from 
lead and unlead fuels, brake linings, clutches, and 
other nonmetallic materials. Gaseous emissions from 
light aircraft are being measured and odor-causing 
species in diesel exhausts are being identified. Other 
research aims to characterize the physical nature of 
particulate emissions from eommercial aircraft. 

Future EPA programs in the mobile source area 
relate to the development of methods for analyzing 
particulate emissions from lead and unleaded fuels. 
Major pollutant measurements on six classes of off- 
highway vehicles and the identification of odor- 
causing species in gas turbine engine fuel also will 
be completed. 

In fiscal year 1972, the following programs will be 
developed: A project to collect and evaluate infor- 
mation on driving patterns in six metropolitan re- 
gions, a mass emissions test procedure applicable to 
gasoline-powered heavy-duty engines, an improved 
evaporative test procedure for hydrocarbons, and 
procedures for inspection testing by State agencies 
of light-duty vehicles. 

Funds (in millions of doUars) expended by EPA on 
measuring and monitoring during fiscal years 196&-71 



arc as follows: 

r*69 1970 mt 

•J. 80 .1.60 7.71 

IktioMi Aeronautics and Space AdmlnlstratioR 

^*ASA^s research in this area is mostly related to 
t .e development of instrumentation. For example, 
a portable DO sei^sor using infrared dispersion and 
a spectronis.^or is being developed. Also, a mass 
spectrometer has been developed to measure gas- 
samples containing H^, Na, total hydrocarbons, and 
r:V;Oii.® Aiiother study to develop a hybrid .sensor, 
which conM ts of a mass spectrometer and selective 
r:olumns from a gas chromatograph, is undenvay. 
NASA is also developing an inexpensive analysis 
and identificotion system for particulates. This sys- 
tcra is to b» used in conjunction with an existing 
network of 20 air-monitoring stations in Cleveland, 
Ohio. . Instruments utili^siiig optical lidars and lasers 
rire being d' /eloped. 

Funds (ia millions of dollars) expended by NASA 
fcir measuring and n>onitoring during fiscal years 
1969-71 are as follows: 

1969 1970 1971 
0.20 0.17 0.62 

National Scieoce Foundation 

NSF research in this category pertains to the 
contribution of solid wastf^ to air pollution and in- 
cludes fundamental combustion studies of solids and 
gases and photochemical and g^eous chemical re- 
actions; movement of smail particles in flow fields; 
studies of electrostatic precipitation of solids from 
gaseous streams, and development of analytiod tech- 
niques for trace element contaminants. For example, 
reactions of carbon monoxide in a competitive flame 
system are being investigated. The thermal degrar 
dation of cellulosic materials is being studi.Ki to de- 
termine free radical intermediates formed during 
controlled pjrrolysis of carbohydrates. 

Techniques for studying the kinetics and chem- 
istry of solid decompositions at surfaces at very low 
decomposition rates are being developed. Research 
related to the development of analytical methods 
includes the use of atomic absorption spectroscopy. 

NSF research on measuring and monitoring meth- 
ods also includes research applied to national needs 



* Mention of trade names does not imply recommendation 
or endorsement by the Federal Government over others 
not mentioned. 
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(RANN) studies of the movement of all fonns of 
lead through the envimnment and the ofTects of 
mercury on the environment. Another long-range 
research pi-ogram is underway to investigate the 
content and variability of C02\in the atmosphere. 
Other gases, such as Ih, CH4, and CO, also are 
being measured. A mechanism for the formation of 
/the stratospheric sulfate aerosol is being developed. 
Funds (in millions of dollai*s) expended by NSF 
for measuring and monitoring during fiscal yeai*s 
1969-71 are as follows: 

1909 1970 1971 
0.84 1.38 1.8G 



PREVENTION AND CONTROL 

Corps of Engineers 

The CE program in prevention and control in- 
cludes R. & D. aimed at designing and coastructing 
an incinerator that will be used to burn the drift 
collected in New York harbor. The project includes 
the design and fabrication of an overfire air pit-type 
incinerator to meet air pollution abatement stand- 
ards and requirements. 

Funds (in millions of dollars) expended for pre- 
vention and control by CE during fiscal year 1969-71 
are as follows: 

1969 1970 1971 
1.31 0.25 0.04 

Department Of Agriculture 

USDA has reported a major program to avoid or 
minimize air contamination by pesticides. More 
definitive methods of application, and improved, 
low-volatile formulations of currently available pesti- 
cides are being investigated. As a result of this pro- 
gram, low-volatile herbicides have been produced. 
Application of pesticides by brushes, as a foam 
formulation, or by special equipment that catches 
and returns runoff to the spray tank have also been 
established as usable. 

Research to determine the effectiveness of burning 
crop residue.'^ as a method to control plant diseases, 
insects, and weeds is in progress. To reduce the 
need for burning crop residues, highly selective 
chemicals for use as defoliants, desiccants, and 
growth modifiers have been developed. Future work 
will continue to stress the development of methods 
for pest control other than burning of crop residues. 
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Other USDA programs are attempting to identify 
and control giiseous components from animal wastes 
that cause odor. 

A USDA program to determine the ivlationship 
of soil eixxsioii to air pollution also hits been reported. 
The result should facilitate pivdiction of potential 
rates of erosion by wind for vaiying soil, vegetative 
cover, field width, and barrier de.sign conditions. 

An extensive USDA program to develop controls 
for the prevention or reduction of diseases that 
damage or destroy shelterbelts is in pi-Qgress. The 
objective of this program is to protect and maintain 
adequate shelterbelts and theroby reduce air pol- 
lution by soil particles. Research includes a variety 
of projects to control forest diseases that damage 
shelterbelts and to recUice growth loss and tree mor- 
tality resulting from damage by insects. Other proj- 
ects to develop better strains of shelterbelt trees 
through genetics and to maximize the effectiveness 
of shelterbelts in reducing wind erosion and pro- 
tecting crops are in progross. 

The USDA has also reported an R. & D. program 
to produce straight defect-free troes to reduce waste 
in primaiy manufacture. Related USDA projects in 
forest products utilization are attempting to elimi- 
nate smoke from wood burnei's and odors from pulp 
mills. Increased uses of pulping wastes and improved 
puiping methods are being .sought to reduce the 
burning of wood wastes and the odors from pulping 
wastes. Potential nonpolluting pulping reactions 
based on oxygen rather than sulfur have been 
screened. Data required for the use of wood residues 
as ruminant roughage have been developed. 

Funds (in millions of dollars) expended by USDA 
for prevention and control during fiscal years 1969-71 
are as follows: 

1969 1970 1971 
2.59 3.07 3.25 

Department of Defense 

The Department of the Air Force conducts re- 
search to characterize and quantitate the combustion 
products from incinerating solid waste including 
plastics. The Air Force also conducts various other 
projects indirectly related to preventing air pol- 
lution. For example, the primary concern of the Air 
Force with respect to jet engine exhaust. smoke has 
been its relation to enemy detection of smoke trails. 
In 1966 a development action was initiated for the 
F-4 aircraft. Research efforts to reduce the F-4 
smoke from the- General Electric J79-15/17 engine 



appear to have boon .successful in laboratory tests. 
Combustion system design techniques to inci*oaso tlie 
combustion efficiency of turbine engines at low power 
settings are being investigated. Other investigatioas 
to reduce exhaust emission include (1) fundamental 
study with eNperimentation to determine whether 
fuel modification, .*«uch as introduction of cata!y.sts 
and absorbei's, is feasible for reducing the level of 
NOj. emissions from turbine engines and (2) the 
determination of the optimum concentration of pro* 
po.^'ed fuel additives. An integral part of reducing 
emi.ssioas is the development of a .sj'stem with mini- 
mum human involvement for the direct, real time 
measuiement of CO, COo, NO,, C,Hy from turbine 
engines. 

The Department of the Ariny is developing lighter 
weight and higher performance engines for vehicles, 
aircraft, and .stationary power units. Efforts to im- 
prove efficiency have also resulted in more complete 
combustion and i-educcd exhaust emissions. Proto- 
types have been completed and tested on vehicle 
engines using a new typo of combustion chamber, 
which is a hybrid between sparkr and dicscl-type 
engines. The continuous combustion of a swirling 
ignition pmccss has been shown to reduce exhaust 
emissions to meet 1975 standards set by EPA. 
Studies arc also underway to improve turbines to 
increase efficiency and decrease emissions. Visible 
smoke was virtually eliminated from an aircraft 
turbine engine, and methods for analyzing the chem- 
ical constituents of engine exhausts were developed. 

The piimary aim of another Army R. & D. pro- 
gram is to improve liquid hydrocarbon fuels so as 
to reduce undesirable emissions. 

Techniques are also being developed by the Army 
to reduce emission of NO,, SO2, and particulate 
matter from military power plants. Good results 
have been obtained using a water spray scrubbing 
technique. The resulting waste water is processed 
through sewage treatment plants. Short-range plans 
are for completing work on reduction of NO, and 
SO2. Long-range plans depend on the nature and 
scope of R. & D. efforts by industry and other 
Federal agencies. 

The Department of the Army also conducts re- 
search indirectly related to air pollution control. For 
example, in order to reduce the chances for enemy 
detection, the Army is developing propellants for 
missiles, rockets, and artillery projectiles that gener- 
ate less smoke than present propellants. A laboratory 
system to simulate gun propellant smoke and flash 
was recently completed and is now being tested. 
Contaminant content of propellant exhaustis is being 



reduced to improve conditions for elect I'ical and 
optical .*<ensors on missiles and rockets. 

The Army is also developing fuel cells and hijch 
energ}' density batteries to iinprov<» efficiency of 
generators and to provide energy .soua-es with higher 
reliability and higher ratios of energy to weight and 
energy to volume. Fuel cells that indirectly us(» 
hydrocarbons have been developed at the 0.5- and 
1.5-kilowatt levels. The hydrocarbons are thermally 
cracked to produce hj'drogen for use in the fuel cells. 
Significant progre.'^s is also being made on niotal-air, 
organic electrolyte, and improved energy' density 
batteries. Short-range plans are to continue efforts 
at approximately the present level. Long-range plans 
are to use hydrocarbons directly in inexpensive fuel 
cell .systems. 

The Department of the Navy hits reported re- 
.search aimed at preventing and controlling air pol- 
lution from aii-craft. One Navy program is inve.sti- 
gating the feasibility of using modified fuels to reduce 
smoke from aiiplanes. Various burnei-s for J79, TF41, 
and TF30 engines are being tested. The Navy also 
reported a project to develop a water spray device 
as an economical method for reducing smoke at 
fii'cfighting schools. Incinerators for classified ma- 
terials were developed. 

Funds (in millioas of dollars) expended by DOD 
for prevention and control during fi.scal years 1969-71 
are as follows: 

19G9 1970 1071 

8.24 7.30 7.43 



Department of the Interior 

The DOI programs i-eported in this section arc 
exclusively thosd of the Bureau of Mines. Many of 
the activities of DOI in this area aw directly cooidi- 
natod with EPA through interagency transfer of 
funds. 

A program to remove pyritic sulfur from coal is 
in progress. Various appixmches being investigated 
to rdmove pyrite include the use of a centrifuge to 
separate pyrite from coal in a water medium and 
selective grinding, followed by air classification and 
electrostatic methods of mnoval. A novel technique 
being explored takes advantage of the wide differ- 
ences in dielectric properties of coal and pyrite to 
selectively heat pyrite at microwave frequencies and 
thus enhances its susceptibility to conventional mag- 
netic separation. Another project studies ion- 
exchange methods for removing deleterious minerals 
from lignite before combustion. Future work will be 
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(*()iitiiiU(*(l to inipn)V(* tli(s<* rtMiioval t<*cliiii<iii<'s aii<l 
tests will !)(» extended to other CMials. 

H<'S4':ii'cli oil removal of SO^ and NO^ from stack 
KMses is also puisiUHl. In SOj. control r<'S<'arcli, a 
laboratory iiiv<*stiK:itioii of the Hnrean's aiinnonin 
injection process has heeii coiiiph'te<l. Research hi- 
volvinK SO, sorption by copper oxide hnpn»Kiiat<'<l 
into an alumina support has l)(*(*n c^ondiicted. Iii- 
vc'sti^ations also hav<» been made of the elT<»ctiveiiess 
of low-cost materials for SO, control in stack Ktises, 
such as red mud, iialicolite, and tmiia. Research on 
NOj. reiiioval has been carried out using several 
catalysts inchidinK NiO, which lias hivn found to be 
the most efTectiv(». 

Further resc^arcli on theainuionia iiij(*ctiori process 
and additional study of the copper oxide-alumina 
sorbent removal of SO* are planned. Hesearcli will 
be continued on the inechaiiisin and kinetics of SOx 
or NOx sorption or both on red iniuls and troiia. 
An index of oivs and wtisia pmducts will l)c compiled, 
based on their relative potentials for SO, removal. 
A survey of metal oxide catalysts for treating NO, 
will be coiitiniK^l. 

DOI is also conducting a program to i-cducc toxic 
cinissionK fmiu internal combustion engines. Cur- 
i-ciitly the work is being expanded to improve the 
safety S! dicsd engines operating in underground 
mines. The aspects being examined arc toxicity, 
explosion, and fii*e potential of the fuel, and the 
po.ssibility of igniting methane by incandescent ex- 
haust products. The objectives of future research 
on internal combustion engines are to recommend 
fuel formulations, operating parameters^ and aux- 
iliary devices that will reduce undcsimblc emissions 
to tolerable levels. 

DOI is also conducting studies on the availability 
of fuels that meet air pollution contml requirements. 
Studies have been conducted on the availability of 
coal. Investigations of jx^tmlcum and natural gas 
resources have determined the factors that affect 
ultimate recovery and supply, enabling forecasts to 
be made of future petroleum and natural gas avail- 
ability. Research alsd has been conducted to cn- 
coumgc production of fuels that involve less* pol- 
lution of the atmosphere than coal. Future plans 
include appraisals of coal-producing areas where coal 
is mined underground. Costs of the development and 
utilization of petroleum and natural gas resources 
will be estimated. 

Of the $18.4-nullion R. & D. program reported by 
' DOI in this section, the Department has .indicated 
that $12.9 million could be considered indirectly 
related to pollution contral but relevant to air 



<piality. The following siiiiiniari(»s iiicliuh* those proj- 
<'<'ts so desij;iiated. 

.\ program is in progn^ss to dev<'U)p cheniical 
processes alternative to roasting of sulfur ores. .\ii- 
otlier program aims to n»eov(M* elemental sulfur from 
typical siiu»lter K«?*(s. The process that has r(»ceiv<'d 
major attention involves s(»lectiv<» absorpti<m of SO* 
in a solution of an organic neid and its salt and 
siibse(|iieiit n'(hic(ioii with hydrogen .sulfide to form 
elemental .sulfur. 

A major DOI program on the gasification and 
liquefaction of coal is in progress. Gasification work 
is directed chiefly toward develo|)iiieiit aiul deiiioii- 
.stration of a process to produce a .synthesis gas 
.suitable for catalytic upgrading into pipeline gas. 
A liydrogasificatioii process to iirodiicc* lowxsiilfur 
char, rtis well as pipeline gas, i.s being developed. A 
fixed-bed pressure gasifier, using caking coals without 
preti-catnient, was operated with various tyix^s of 
coals. 

R(».search is also underway to d(»velop more (effi- 
cient utilization methods for mincml resources. Mag- 
nctoliyclrodynaiiiics (MHD), for example, ofTei>5 a 
])otcntial means to generate electrical power more 
efficiently than in conventional |K)werplants. In the 
MHD combustion tests, virtually complete removal 
of .sulfur oxides in the combustion gas has \ycci\ ac- 
complished and 99 percent of the seed material 
regenerated. A vortex MHD generator is being oper- 
ated to show its efficiency and a two-stage combustor 
program is just getting underway. 

The burning characteristics of bituminous coal, 
chars, and lignites arc being studied in test furnaces 
to determine the effect of variations in primary, 
secondary, and tertiary air combustion efficiency and 
formation of SO2, SO31 NO,, and oi-ganic acids when 
burning coals of various ranks. Hescai*cli is being 
conducted on development and application of new 
knowledge on combustion processes that cause depo- 
sition and coriusion on boiler heat transfer surfaces, 
resulting in costly shutdown of |)ower-gcncmting 
units. 

The Bureau of Mines is also conducting research 
on coal incincmtion, pyrolysis, and utilization of 
solid wastes from combustion. Among objectives of 
this work arc the utilization of byproduct washes 
from mining, treatment of coal to remove pyrites 
and other sulfur-bearing constituents, and develop- 
ment of alternate methods of combustion so as to 
reduce formation of fly ash and other solid waste 
residues. Studies on utilization of fly ash and strip 
spoil have shown results. Chemical and physical 
studies have yielded information on the nature of 



coal and the bearing that this information has on 
preparation and utilization processes. 

Solid waste resources surveys are in progre&s. The 
program includes identification of waste-dispasal 
problems, development of guidelines for proper dis- 
posal of wastes, identification of mineral msources 
available from present and future accumulations of 
solid wastes and development of methods for re- 
covering useful materials from such wastes. For 
example, a survey that established the magnitude 
and kinds of dusts generated has been completed of 
the iron and steel industry. Future studies will in- 
elude inventories of mineral wastes. Secondary 
sources of copper throughout the Nation also will 
be studied to determine the potential for utilizing 
more of the copper currently being discarded as 
scrap. 

Funds (in millions of dollars) expended by DOI 
for prevention and control during fiscal years 1969-71 
are as follows: 

im 1970 mi 

4.08 5.58 7.88 

Department Of Transportation 

DOT is conducting R. & D. to reduce air pollution 
from aircraft. Other projects to develop low-pollution 
bus engines and to test devices for reducing exhaust 
emissions from buses are in progress. Two types of 
steam engines are being developed in this program. 

Various DOT projects that would contribute indi- 
rectly to air pollution control also have been reported. 
Of the $12.7 million research program described in 
this section, $10.2 million has been classified as 
indirectly related. These activities include developing 
an electrically propelled rail vehicle and designing 
and relocating rail yards. A considerable research 
effort is also being conducted to investigate tunneling 
techniques for subsurface transport ^tems. DOT 
is also funding the development of an environmental 
control handbook for engineering and design stand- 
ards to improve underground rapid rail systems. 

Funds (in millions of dollars) by DOT for pre- 
vention and control during fiscal years 1969-71 are 
as follows: 

im mo mi 

2.60 6.23 3.89 

Environmental Protedlon Agency 

The $33.9 million research program in prevention 
and control technology reported by EPA's Office of 



Air Programs for fiscal year 1971 represents the 
larg(\st .♦single dollar investment of any program in- 
cluded in thi.s report. 

One of the major KPA efforts is the .Advanced 
Automotive Power Sy.stems Program (AAPSP) which 
is designed to stimulate the automotive industry to 
independently develop the most promising candidate 
systems, while the Government continues a Federal 
R. & D. program through to demonstration of se- 
lected systems not actively pui*sued by industry. 

The leading candidate is the gas turbine. The 
industry has coasiderable past experience with this 
system and is attempting now to solve the technical 
problems that have limited its application to the 
automobile. These problems include high NO,, poor 
fuel economy, and high cost to produce. For this 
candidate, the AAPSP will devote considerably in- 
creased research effort to solving these problems. 
For example, multiple and alternate technical ap- 
proaches to solving the high NOx problem will be 
made to industry through the competitive contract 
award mechanism. Achievement of practical solu- 
tions to the technical problehi hopefully will stimu- 
late the auto industry companies to "pick up" this 
technology and apply it in their own ways to auto- 
mobile designs. Thus, property applied stimulation 
in this manner will not require that the Government 
AAPSP program assemble and demonstrate the gas 
turbine as a system to achieve program goals. 

To better insure success of the AAPSP, two engine 
systems new to the program will be added in fiscal 
year 1972: The stratified charge engine and the 
diesel engine. Recent developments have clearly 
indicated that these systems offer the potential of 
achieving virtually pollution-free emissions and re- 
placing the conventional internal combustion engine. 
Early demonstrations of newly developed concepts 
for these engines will be made during calendar year 
1971 and decisions then will be made whether to 
proceed with further development under Govern- 
ment funding in the program. 

An extensive conventionail mobile source program 
is also in progress. The objective is to minimize pol- 
lution from conventional motor vehicle and off- 
highway engines by proving the feasibility of emis- 
sion control devices under development in the private 
sector, evaluating alternative fuels and fuel additive 
litems, and conducting supplemental applied re- 
search. 

Engmes and accessories modifications are being 
studied. These include continuation of two experi- 
mental programs designed to establish high efficiency 
removal devices for particulates; verification of car- 
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burctor design i-oqniroinciits for reduced emissions; 
dotorininiition of best materials for construction and 
design configuration of a tberiiud reactor for hycbo- 
carbon and carbon monoxide removal; sel(H?tion of a 
prime nitmgcn oxides control system candidate for 
experimental evaluation applicable to internal com- 
bustion and dicsel power plants; continuation of 
emissions performance studies for a strntifiiHl charge 
engine; and continuation of a coordinated elTort with 
FA A in gaseous emission controls for airci*aft. 

To develop control techniques, the following will 
be accomplished in fiscal year 1971 : 

• Evaluation of studies on new control t<»chniques, 
including fuel composition changes. 

• Thorough dynamometer and road testing to (k»- 
tonnino exhaust emission, i)crformttnce, and 
economy. 

• The rendering of technical assistance to other 
Fedeml agencies. 

• The fleet-tc»«ting of contml dcvicc^s for diesel 
odor and smoke control. 

Efforts in this area will be expanded in fiscal year 
1972 to derive experimental data on low-cost retro-fit 
devices for existing civilian and military vehicles and 
off-highway equipment. Tc^sting emphasis will shift 
to techniques with apparent capability of surpassing 
1975 standards, and a study on effects of fuels 
composition on vehicle emission performance will be 
comi)letcd. 

The development of control technology for sta- 
tionary sources of air pollution represents another 
major EPA effort The objective of this progmm is 
to define control technology research needs with 
respect to significant industries, major |X)llutants, 
and classes of control devices, and to maintain ag- 
gressive research, develojiment, and demonstration 
programs to insure an adequate control technology 
base for standards implement^ition. The financial 
and technical capacity of private industry will be 
drawn upon in this effort to the fullest extent possible. 

To control sulfur oxides, a major program includes 
the demonstration and testing of the limestone 
processes-dry limestone injection, limestone wet 
scrubbing, limestone modified fly ash utilization, and 
the complementaiy R. & D. programs. 

The detailed constmction, design, and test pro- 
gram development for a prototype coal-cleaning 
plant is to be completed in fiscal year 1971. Different 
techniques for remioving p3n*itic sulfur and ash from 
coal arc being examined. Sulfur recovery from coal- 
cleaning wastes is being studied. An investigation to 
determine washability characteristics of the principal 
U.S. coal beds is continuing. This progmm is coordi- 



nat<Ml directly Nvith DOI activities by interagc^icy 
transfiM* of funds. 

Two cosponsoHMl demonstration plants for the 
removal of sulfur oxides, the Monsanto Tat-Ox and 
Magnesium Oxid(» Wet Scrubbing, will reach the 
advanced stages of construction in fiscal year 1971. 
A smokeless coke oven charging (h^nionstration proj- r 
ect cosponsored with the .Vmericnn Iron and St(»el 
Institute and eosponsored contract siudi(*s with the 
wood pulping industry are beginning in fiscal year 
1971. A syst(Mn to demonstrate the feasibility of 
firing n»fuse mixed with powdered eoal at an electric 
utility station is beuig designed. 

Planning studies will be initiated in fiscal year 
1971 for the paint and varnish and secondary alumi- 
num smelting in(histries. Th<» annual updating of 
the R. & D. plans for sulfur oxides and nitrogen 
oxides and the R. & D. planning .4u(ly for par- 
ticulates will he published in fiscal year 1971. An 
R. & D. planning .^tudy for lead, hydrocari)ons, nad 
fluorides will he initiated. A special study to develop 
a .supply-demand model for sulfur is in progre.^^s. 

Oth(M- current projects include the development of 
authoritative* handbooks for fabric filters, electro- 
static precipitatoi-s, and wet scrubbei^s. Studies and 
evaluation are continuing on afterburnci*s and pack- 
age sorbei's, odor control, and incinemtion. Several 
combu.stion technique!?, including cataly.sis, fluidized 
bed, flue gas recirculation j staged combustion, fuel 
modulation, and standard burner modification, are 
being investigated. 

A feasibility study to determine the minimum 
particle size resolution of the holographic technique 
and laboratory methods developed for monitoring 
selected species in the alkaline-metal scrubbing proc- 
ess will be completed in fiscal year 1971. Studies of 
the characteristics and control of nitrogen oxides, 
coal desulfurization, and gas-cleaning processes arc 
undenvay. Pilot tests are continuing on the aqueous 
scmbbing, regenerable char, absorption process re- 
covery system. The technical feasibility of fluidized 
bed combustors to control sulfur oxides and nitrogen 
oxides from fossil-fuel burning industrial and utility 
boilers is being evaluated. 

Data acquisition and analysis will be completed 
in fiscal year 1971 for the Large Power Plant Effluent 
Study* (LAPPES), Keystone Plant, to evaluate the 
effectiveness oi natural precipitation for power plant 
plume washout and resulting ground-level effects. 

In fiscal year 1972, further evaluation and studies 
will continue on control devices. Projects to char- 
acterize fabric filter bag structure and operating 
parameters will be completed. Two studies to up- 
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Rrado elcHJtrastatic pn^ipitntor porfoi'iuancc will be 
concluded. Iiupl(*inontation of R. & D. plans for 
wot scruhlxM's will hv stavlc^d. Handbooks for after- 
burners and package .sorheis will he provided. Lab- 
oratory testing of several seruhhei's sy.stenis for odor 
control will ho concluded and i)rototype designs for 
on-site .studies will l)econij)lete. Design i)rincij)l(»s for 
incinerator overfire mixing will Ix* eonfinned. 

Hosearch in the area of catalysis and modified coiu- 
*hustion kinetics will he extend(»d in fiscal year 1972. 
Techniques .showing pmmise will be evaluated for 
application to larger scale connnercial and industrial 
heating units. Future work in .sami)ling and analysis 
will include investigation of the ca])ability of the 
holographic technique for fine particulates, ])mvi.sion 
for analytical suppoit to major flue gas-cleaning 
projects underway, and completion of the characteri- 
zation of ])articulate air pollutants enutted from 
fossil -fuel combustion. 

Field trials of modified comhastion techniques for 
control of nitrogen axides in utility size boilei's will 
be under^vay in fiscal, year 1972. A sulfur behavior 
study and a molten imn/coal combustion feasibility 
study will be concluded. A sodium-based sorbent 
process evaluation will be completed. Pilot testing 
of aqueous ammonia scrubbei's will be finished. The 
construction of a regeneration system pilot plant will 
be initiated. An additional flue gas-cleaning pilot 
study and three fossil-fuel conversion pilot investi- 
gations will be initiated. 

Future research also will include data acquisition 
from two powerplants in the LAPPES project to 
study the transport and diffusion of plumes from 
tall stacks in mountainous terrain and to determine 
climatological data for plant siting. Demonstmtion 
and testing of the limestone processes will continue 
in fiscal year 1972. The dry limestone test program 
will be completed, and a report issued. A 2-year 
limestone wet-scrubbing test program at the TVA 
site and the 12-month test program at Key West 
will be initiated. 

In fiscal year 1972, the construction of a prototype 
coal-cleaning plant will be completed and test pro- 
gram operations will begin. The examination of two 
physical methods for removing pyritic sulfur and 
ash will be completed. A feasibility detennination 
on a eombustor and sulfur recovery proce&s from 
coal-cleaning waste will be concluded. Investigations 
will continue to determine washability character- 
istics of the principal U.S. coal beds. Experimental 
test programs will be underway at the two flue gas 
demonstration plants. The coke oven chai^ging 
demonstration will be completed. Four to six new 



projects und(M' cost-sharing arrangements with in- 
dustry will bo initiated. The construction phase will 
!)(» completed and test operations begun for a demon- 
stration grant on the feasibility of firing refuse mixed 
with powdered coal at an electric utility station. 

A major contributing factor to air pollution is the 
prol)i(»m of reducing .solid waste by open burning or 
incineration. The KIW OfRc(» of Solid Wit^te Manage- 
ment, therefore, has rei)orted an extensive pmgram 
to imj)rove incinerator technolog}' to meet air i)ol- 
luti(m standaixls, increa.se volume n^duction, and 
lower incineration costs. 

Vortex and higli temi)eraturc incinerators have 
been evaluated. A small mechanically stoked, rotary 
grate incinerator for communities with less than 
25,000 ])0])ulation is being denioastrated, 

Future work in this area is exi)ccted to receive 
increased emphasis. A prototyiKJ i)yrolysis unit may 
be demonstrated and evaluated. A fluid bed eom- 
bustor, which may jn-ovide more complete combus- 
tion and lower costs, is presently in a development 
stage. 

Funds (in millions of dollara) exi)ended by EPA 
for i)revention and control during fiscal years 1969-71 
aro as follows: 

1969 1970 1971 

M.ll 20.48 34.20 



General Services Administration 

The GSA dual-fuel ])rogram includes research and 
testing of gaseous fuels for automobiles that will 
make possible low emission operation. This work 
incon)omtes the conversion of conventional vehicles 
to a system in which compressed natuml gas, liquid 
natural gas, or liquid petroleum gas can be used as 
a substitute for gasoline. 

The ])rogram objective is to test and evaluate the 
economic feasibility, for commercial fleet operation, 
of the use of natuml gas or liquid petroleurn gas as 
alternate fuels that will meet the 1975 automotive 
vehicle emission standards. 

Funds (in millions of dollars) expended for pre- 
vention and control by GSA during fiscal years 
1969-71 are as follows: 

1969 1970 1971 
0 0.11 2.08 

National Aeronautics and Space Administration 

NASA is conducting R. & D. aimed at preventing 
and controlling airoraft emissions. The prosent trond 
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of atlvanced engines is to high temperatures and 
high pressure ratias. Smoking tendency and nitrous 
oxide exhaust emissions arc worsened by an increase 
in pressure. A major part of the NASA experimental 
work, therefore, is conducted at high pressures, but 
the i-esults are applicable to current engines that 
operate at lower pressures. Kxperimental gits turbine 
eoinbustors are being tested to evaluate their overall 
ixjrfonnance and their smoking tendency. Various 
design features are being studied, which includ(? vari- 
ations in air-entry iwrts and variatioas in the fuel 
injection system. A study of the emission problems 
of the typical turbojet/turbofan engine at idle will 
be funded in fiscal year 1971. 

Other NASA mobile source control R. & D. con- 
cerns automotive emlssioas. Thermal reactors for 
emission control are being tested. A device that 
would permit more accurate control of fuel/air ration 
in internal combustion engines is being developed. 

NASA R. & D. related to controlling .stationary 
sources includes a laboratory investigation of the 
effectiveness of a magnesium dioxide and lithium 
carbonate bed for removing sulfur oxides, chlorine, 
and hydrogen halides. 

Funds (in millions of dollars) expended by NASA 
for prevention and control during fiscal years 1969-71 
are as follows: 

1969 1970 1971 

0.15 0.27 0.92 

National Science Foundation 

Within the NSF chemistry program, research is in 
progre:^ to find new oxidizing agents that can react 
by an oxygen atom transfer mechanism, resulting in 
the development of new oxidizing agents for hydro- 
carbons. Other studies include a development of im- 
proved methods for determining the sulfuric acid 
aerosol and sulfate particulates. The principal effort 
is directed toward the quantitative reduction of SOj 
and SOs. Some of these studies have the potential 
for affording new chemical means of controlling such 
oxides in. an air environment through the ability of 
metal complexes to promote chemical reactions nec- 
essary for the conversion of oxides to less noxious 
materials. Further studies are in progress on the 
mechanism of ozonolysis. 

Funds (in millions of dollars) expended by NSF for 
prevention and control during fiscal years 1989-71 
are as follows: 

1989 1970 1971 
0.45 0.32 0.56 
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Tennessee Valley Authority 

In addition to air quality .studies leading to oper- 
ational control of coal-fired power plants TVA is 
conducting msearch to recover .sulfur in useful fornv 
from ix)wer plant stack ga.ses. 

Funds (in millions of dollars) cxi)onded by TVA 
for research related toj)revention and control tluring 
fiscal years 1969-71 arfc as follows: 

1069^ 1970 1971 
OAS 0.17 0.17 

TRANSPORT AND FATE 

Atomic Enerty Commission 

The transport and fate effort of the AEC covei-s 
a broad range of research in the atmosphere, with a 
focus on pix)ce.s.ses that will allow improved under- 
standing of radioactivity, and assists in the AEC's 
mission of assessing the biological implications of 
radiation. 

The AEC has conducted a substantial effort over 
the yeai's aimed at describing diffusion and plume 
rise to modest distances from a source of radioactive 
substances. This effort is being shifted to inter- 
mediate and large distances in order to address the 
consequences of very small concentrations of pol- 
lutants to large populations, and over long periods 
of time. These populations reside in cities, and with 
nuclear power systems being sited close to major 
cities, the AEC effort includes research on diffusion 
from point sources over changing rural-urban terrain. 

The ability to estimate dose contributions through 
food chains depends on understanding the atmos- 
phere—biosphere interface. The net gain or loss of 
nutrients, trace elements, and toxic materials in an 
ecosystem, for instance, ties in closely to the behavior 
of analogous radioactivity. Consequently, the studies 
include programs in cleansing of air by precipitation 
and dry deposition, and resuspension back into the 
air of materials deposited earlier.* 

Department of Transportation 

Research is being conducted to better enable DOT 
to issue regulations that effectively reduce aircraft 
pollution and to insure that the standards arc at the 
same time technically sound and economically rea- 



* Funding for this ABC program has boon included in the 
totals listed for t|ie ABC in the special studies — radiation 
section of this report. 



sonablc. Projects inchi(l(» analysis of the pollutant 
effects of aircraft ground oprritions, vwgiiw (Muission 
di.ssipation rates, and tlic <•( oct of engine emissions 
at altitude. 

Funds (in millions of dollai-s) expended l)y DOT 
for transport and fate during fiscal year 1909-71 
arc as follows: 



luov 

0 



W70 
0.0-) 



1U71 

o.;i5 



Environmental Protection Agency 

ICPA research on atmospheric processes was re- 
ported by the Air Pollution Control Office, The ob- 
jective of this research is to delineate important 
physical and chemical atmospheric processes altered 
by the major air pollutants. 

Research in this area includes validation of avail- 
able urban diffusion models. Other projects seek to 
determine the rclation.ship between air pollution and 
the earth's radiation budget. Field and laboratory 
studies arc also conducted on atmospheric smog to 
evaluate the photochemical reactivity of pollutants. 
The fate of carbon monoxide arising from combustion 
sources, as well as the interaction and fate of par- 
ticulate pollutants in the atmosphere is also l)cing 
studied. 

Future research in this area will be aimed at 
better defining the photochemical reactivity of pol- 
lutants in the urban and rural atmosphere. Projects 
to obtain information on predicting atmospheric 
levels of air pollutants and the contribution of non- 
technologically produced carbon monoxide to air 
pollution levels will also be undertaken. The sulfur 
dioxide-particulatc relationship in the atmosphere 
will be studied, and the aerosols formed in certain 
photo-oxidative systems wiU be characterized* 

Funds (in millions of dollars) expended by EPA 
on transport and fate during fiscal years 1969-71 
arc as follows: 



1969 
4.80 



1970 
4,70 



1971 
4.20 



National Aeronautics and Space Administration 

NASA's research in this area includes a variety of 
projects related to the dispersion and chemical trans- 



formation of air pollutaiits. F|^ft^iiple, one project 
s(»eks to determine the \\\^^/^us hy which ultra- 
violet radiation transforjjpRroKen oxides into smog 
in the presence of li.vcliwiubons. The obj(»ctiv(» of 
another proj(»ct is to investigate th(» chemical kiiu^ties 
of the dispcM-sion of pollutants with primary emphasis 
on hy(lroearl)ons. Inv(\stigations aiv also underway 
to determine the kinetics of smoke and nitric oxide 
formation under eonditions found in aircnift gas 
turbine coml)ustion systems and to determine the 
dispei><ion and interaction of pollutants from airborne 
and ground .sources in urban areas. 

Funds (in millions of dollars) expended by NASA 
for transport and fate during fiscal years 1909-71 
arc as follows: 



I9G9 
0,10 



1970 
0,12 



1971 

oao 



National Science Foundation 

NSF conducts research related to the traasport 
and fate of a variety of air pollutants. In the pasti- 
cides area, the photolytic decomposition of chlori- 
nated hydrocarbons is being studied. Additional 
work will attempt to analyase the amount and fate 
of DDT carried by air currents from the area of 
application, 

. Further, the NSF Atmospheric Science program 
is supporting analytical studies of air samples from 
Antarctica, New Zealand, and Australia, Particulate 
and gaseous samples of halogens (I, Br, Q) arc 
being collected to study the effect of a large land 
mass on atmospheric gaseous halogen concentrations. 
This research may determine the north-south trans- 
port of air pollution to the extent that particulate 
matter of a northern hemisphere continental source 
is penetrating the Antarctic continent. Additional 
studies are being conducted to determine the contri- 
bution of African dust to the natural pollution of 
the atmosphere. 

Funds (in millions of dollars) expended by. NSF 
for transport and fate during fiscal years 1969-71 
arc as foUows: 



1969 
1,00 



1970 
1.67 



1971 
1.70 
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Funding of water quality R. & D. for fiscal years 
1969, 1970, and 1971 is reported in table 4 (p. 104). 

AGRICULTURAL POLLUTION 
CONTROL TECHNOLOGY 

DopartmeirtolAgricuNtire 

Plant residue wastes that are considered potential 
water pollutants are plant pathogens where water- 
borne organisms are found in water that is used for 
irrigation and that may serve to infect the soil or 
crop on which it is applied. Plant nutrients and dis- 
solved organics that leach from plant residues and 
enter water courses through runoff are potential 
pollutants. These materials have a potential for 
stimulating the growth of algae and other aquatic 
plants, leading to acceleration of the eutrophication 
process. Increasing emphasis on environmental 
quality demands better control of potential pollution 
from crop and forest residues. Techniques have to be 
developed to minimiee production of undesirable 
forest and crop residues. Increased beneficial utilisa- 
tion of these wastes are being explored. Emphasis is 
being given to control methods and the selection of 
plants and residues that may protect water quality 
indirectly through stabilization of highly erodible 
areas* 

Liquid wastes from processing raw agricultural 
products represent a serious disposal problem, largely 
because of their biochemical oxygen demiand (BOD). 
It is estimated that the pollution potential from this 
source expressed in terms of BOD is equivalent to 
that produced by a population of more than 168 
million people. The presence of salts, other chemicals, 
and suspended solids in eflluents compounds the 
problem* 

Several possible solutions to the problem of dis- 
posing of these waste effluents are being studied. 
Land disposal is being explored as a means of pre- 
venting effluents from directly contaminating receiv- 



ing streams. Applications by sprinkler and furrow 
irrigation are being considered from the standpoint 
of both beneficial crop production and simple disposal 
technique. Systems must be developed that consider 
the variability in amount and composition of the 
effluent produced, climatic conditions, and soil and 
crop factors. 

Efforts are continuing to improve processing 
methodology that will facilitate disposal and mini- 
mize pollution hazards. Improved harvesting and 
processing practices need to be developed that will 
reduce wastes and pollution hazards. More emphasis 
is being placed on byproduct recovery and utilization 
as an economic benefit and a means of minimizing 
the waste disposal load. 

Land disposal is a logical method for absorbing 
processing plant effluents and improvipg the quality 
of the resulting drainage water. Guidelines must be 
developed for specific effluents. These guidelines 
should take into consideration the effects of climatic 
conditions, hydrologic, and soil characteristics of the 
disposal area and vegetative requirements of that 
area. 

In the United States an estimated 1.5 million tons 
of livestock wastes are produced annually. These 
wastes represent a potential water pollution problem 
because of their nutrient content, the occurrence and 
spread of pathogens, and the high BOD of these 
materials. Research directed at recycling these wastes 
into the soil-plant-water-animal system is needed. 
Waste disposal systems \^1ll have to be integrated 
into the overall planning and operational schemes for 
these large livestock systems. CJoncern over plant 
nutrients in water involves the acceleration of the 
eutrophication process and high nitrate concentra- 
tions in drinking water. 

Current studies are evaluating the effects of land 
use, soil type; hydrologic conditions, climate, and soil 
management factors on the movement of plant nutri- 
ents in the environment. Mathematical models are 
being developed to predict nutrient movement and 
to provide iniformation for developing more effective 



control practices. Other programs are aimed at in- 
creasing fertilizer use efficiency. Watershed manage- 
ment practices are being developed to minimize 
nutrient losses by leaching and by runoff and erosion. 

More information is needed to evaluate the contri- 
bution of chemical fertilizers in relation to natural 
sources. Pr(>cesses involved in nutrient cycling in 
these areas need to be identified and quantified. 
More specific information is needed on factors that 
aflfect movement in soils and on chemical and biologi- 
cal transformations that take place before entering 
a water course. The major source of phosphorus from 
agricuUure uses is absorbed on sediments. Greater 
definition of sediment-water equilibria is, therefore, 
needed to evaluate the potentially biologically active 
fraction. Effects of nutrients (soluble and undecom- 
posed organic matter) on the eutrophication process 
must be evaluated. 

Funds (in millions of dollars) expended by USDA 
for agriculture pollution control technology during 
fiscal year 1969-71 are as follows: 

1969 1970 1971 
5.22 6.71 6.62 

Environmental Protection Agency 

The objective of this program is the devdopment 
and demonstration of technology for effective and 
economical control of pollution from agricultural 
activities, including forestry and logging operations, 
irrigation return fiows, rural runoff, and animal 
feedlots. Short term goals include significant progress 
towards: Development and demonstration of effec- 
tive pollution control from animal feedlots; develop- 
ment of methods for treatment and control of water 
quality degradation in irrigation return flo^^'s; ex- 
ploration and development of methods to minimize 
runoff and pollution by agriculturally -used fertUizers 
and pesticides; development and demonstration of 
erop management procedures to reduce runoff of 
agricultural chemicals and their effect on water 
quality; and demonstration of technology for com- 
plete elimination of pollution from animal feedlots 
through recycUng of "waste" constituents. 

Funds (in mUlions of dollars) expended by EPA for 
agricultural pollution control technology during 
fiscal year 1969-71 are as follows: 

1969 mo 1971 . - 
1.37 2.44 2.47 

TerDnesseo Valley Authority 

TVA is conducting studies of the relationship of 
ertilizet use and water quality. Water quality and 



total runoff are now being measured on six water- 
sheds. Nutrient losses in small streams and tile drains 
on agricultural lands are being studied with the Uni- 
versity of Illinois. 

Funds (in millions of dollare) ex|)endcd by TVA 
for research related to agricultural pollution control 
technology during fiscal year 1909-71 are as follows: 

1960 1970 1971 

o.ai 0,0.-) , 0.0.J 

INDUSTRIAL POLLUTION 
CONTROL TECHNOLOGY 

Department of Agrieutture 

Liquid wastes from food and industn<^l processing 
plants can be a serious pollution problem. Processing 
of animal and crop products produces liquid wastes, 
which have been estimated to equal the sewage load 
from 170 million people. 

Research is underway on process changes that will 
minimize pollution, and on recovery and use of by- 
products. Recent laboratory and pilot plant results 
on "dry caustic" peeling of potatoes and other ve^re- 
tables, on pickling brines recovery, and on dhee&e 
whey recovery have been extended to industrial scale 
by EPA demonstration grants, based on USDA re- 
search. Related work on poultry processing, soybean 
oil refining, tannery wastes, and cotton textile wastes 
is underway. 

In the manufacture of pulp and paper from wood, 
the great variations in grades and the hygienic re- 
quirements of fiber products severely limit the recycle 
and reuse of process water, resulting in a substantial 
waste disposal problem. Nonpolluting. chemical de- 
lignification systems are being explored that will be 
applicable to both pulping and bleaching processes 
and replace the sulfur and chlorine compounds used 
in existing processes. New knowledge of the basic 
chemical reactions of the lignins and carbohydrates 
in wood is leading to further processing wasto 
reduction. 

Funds (in millions of dollars) expended by USDA 
for industrial pollution control technology during 
fiscal year 1969-71 are as follows: 

1969 1970 1971 
1.27 1.30 1.73 

Environmentel Protection Agency 

The objective of this program is to develop and 
demonstrate economical technology for the complete 
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control of industrial waste discharges. Immediate 
Koals arc the demonstration of best available treat- 
ment and control systems for wastes irojix major 
industrial pollution sources, including th(/six hrgc 
industries that use over SO percent of all industrial 
water: meti^ls, (!lieinical.s, pulp and paper, iKJtroleum, 
coal, and food. 

Demonstrations of new or improved systems for 
significantly reducing industrial waste have been 
conducted for metal plating shops, steel mills, food- 
processing plants, pulp and paper mills, organic 
cliemical plants, and petroleum refineries. 

This program includes development of: 

• Waste treatment and source control techniques 
for difficult-to-control industrial wastes. 

• Prctreatment techniques for safe discharge of 
industrial wastes into municipal sewer systems 
for joint treatment. 

• High-efficiency treatment or control systems for 
all major industries. 

• Closed-loop systems to eliminate industrial 
waste discharges through reduction of water use 
and renovation and reuse of waste waters and 
byproduct recovery. 

Objectives of the program are: 

• Demonstration of closed-loop systems to elimi- 
nate completely all industrial waste discharges. 

• Development and demonstration of techniques 
for reuse of waste waters and recovery and reuse 
of /Svastes" they now convey. 

Funds (in millions of dollars) expended by EPA 
for industrial pollution control technology during 
fiscal year 1969-71 are as follows: 

1909 1970 1971 
9.01 7.36 6.00 

MINING POLLUTION 

Department of the Interior . 

The potential is being studied of desalting processes 
to treat acid mine drainage and to provide supple- 
mental supplies of fresh water for municipal and 
industrial uses. 

Funds (in millions of dollars) expended by DOI 
for mining pollution, during fiscal year 19G9-71 are 
as follows: 

1969 1970 1971 

0 0.04 0.06 



Environmental Protection Agency 

Research is directed to the elimination of water 
pollution resulting from the extraction and prepara- 
tion of minerals, including coal, copjwr, other metals, 
oil, phosphate, rocks, sand, and gravel. 

Primary emphasis has boon on definition of the 
mechanism of formation of acid coal mine discharges, 
evaluation and development of treatment pn)rosses 
for mine drainage, and evaluation of new methods 
for sealing or "pl^^KIP^K" niines to prevent discharge. 
The evaluation of new mining methods and tech- 
niques to reduce polluting discharges has been initi- 
ated and is being accelerated. Section 14 of the 
Federal Water Pollution Control Act emphasizes 
field-scale demonstration of methods and techniques 
for control and elimination of pollution caused by 
mine drainage. This program will place particular 
emphasis on the engineering and economic feasibility 
and practicability of pollution control methods. 

Funds (in millions of dollars) expended by EPA 
for mining pollution during fiscal year 19G9-71 are 
as follows: 

1069 1970 1071 
3.43 2.71 4.r)2 

MUNICIPAL POLLUTION 
CONTROL TECHNOLOGY 

Environmental Protection Agency 

The objective of this program is the development, 
evaluation, and demonstration of improved and lower 
cost technolog}' and methodology for treating and 
controlling pollution from municipal sewered wastes, 
storm sewer discharges, combined storm and sanitary 
sewer overflows, nonsewered urban runoff, and joint 
municipal industrial wastes. Included in this program 
will be development and demonstration of reliable 
and highly efficient waste treatment technology for 
removal of phosphorus from sewage methods, other 
tlian separation of sewers, for control and treatment 
of combined sewer systems. This program also in- 
cludes control of combined sewer overflows by maxi- 
mum use of flow control and retention. 

Emphasis includes development and demonstra- 
tion of technology and systems for the removal of 
bacteria and viruses, nutrients (especially nitrogen), 
and refractory organic wastes. 

In-sewer treatment of municipal sewage and wastes 
from individual homes or small clusters of homes 
will continue. Emphasis, will continue on the opera- 



tiou of municipal treatment systems at increased 
efficiency and reliability, determining the effects of 
industrial wastes on municipal waste treatment 
plants to provide criteria for assigning constraints 
on industrial waste loads. Determination will be made 
of the pollution characteristics and impact of urban 
storm water discharges and development of ap|)lic- 
able means of control or treatment, or both, and de- 
velopment of means for controlling pollution from 
noiiscwered urban runoff. 

Funds (in millions of dollars) expended by EFA 
for municipal pollution during fiscal year iycy-71 are 
as follows: 

1969 1970 1971 

12.13 10.43 9.82 

National Science Foundation 

The application of hypcrfiU ration or reverse os- 
mosis methods which were developed foj desalination 
to a wide range of practical situations in which wastes 
must be removed from liquids is being studied. Re- 
sults with wastes generated from fabric dyeing have 
been sufficiently promising for local development of 
a working configuratipn. Techniques for the removal 
of poisonous metals dnb being emphasized. Research 
programs will also investigate the environmental 
aspects of trace contaminants and the application of 
advance technology to urban engineering problems. 

Funds (in millions of dollars) expended by NSK 
for municipal pollution during fiscal year 1969-71 are 
08 follows; 

1969 1970 1971 
0.35 0.35 0.43 

OTHER WATER QUALITY PROBLEMS 

. Atomic Energy Commission 

Funds (in millions of dollars) reportedly expended 
by AEC for other waiter quality problems during 
fiscal year 1969-71 are as follows: 

' 1969 1970 1971 
6.80 8.10 g.20 

Corps Of Engineers 

The primary use of pesticides has been to combat 
the growth and expansion of aquatic plants and their 
impact on navigable streams along the Gulf and 
Atlantic coasts. Realizing the detrimental effect of 



pesticides on ocolofO', the CK dovclopcil a research 
pn)|j;ram to combat plant |j;n)Wth and nnnimizo the 
cnvinMunental impact in achievinij; this i^oal. The 
program ha« two primary objectives: (!) To fiuil 
herbicides that are the least harmful to the environ- 
ment and (2) to develop other tec luiiquos that will 
accomplish the objective and not afToct tlio environ- 
ment. Part 2 of the objectives is discussed in the 
chapter ent it led AUcrmUhr.s to the I \sv of /'rW/c/r/c.s. 

Funds (in millions of dollars) expended by CK for 
other water (piality problems durinii; fiscal year 
1969-71 are as follows: 

106!) 1070 1071 
0.09 0.18 0.21 

Department of Agriculture 

Sediment is of concern in that it degrades water 
quality for recreation, irrigation, aquatic life, and 
industrial uses. It also serves as a carrier for other 
pollutants, such as phosphorus and pesticides. Sedi- 
ment physically reduces channel capacity of rivers, 
estuaries, streams, canals, and ditches; rechices stor- 
age capacities of lakes and reservoirs; and often 
makes untreated water unsuhable for recharging 
groundwater supplies. Agriculture land is the source 
of one-half of all sediment. Sources of erosion, or 
sediment production on land, must be identified and 
control measures developed. Current studies are de- 
signed to provide better information on sediment 
trap efficiency as a guide in the development of im- 
proved reservoir design criteria. Significant attention 
has been given recently to the role of sediment in the 
chemical and biological quality of the impounded 
water to deteriorate. 

Information is needed on sediment — water equi- 
libria to accurately define that fraction of trace 
elements, phosphates, or other materials that are 
biologically active. Certain types of sediment may 
actually remove phosphate from solution. Chemical, 
physical, and biological properties of sediment must 
be characterized in terms of their effect on overall 
water quality. 

Funds (in millions of dollars) expended by USDA 
for other water quality problems during fiscal year 
1969-71 are as follows: 

1969 1970 1971 
2.12 2*11 2*18 

Department of Commerce 

Pollution abatement w as initiated by the Maritime 
Administration as a result of coming into force of the 
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1954 International Convention for the Prevention of 
Pollution of the Seas by Oil by implementing national 
legislation (The Oil Pollution Act of 1901). The 19:)4 
Oil PoUutionCJonvention established a legal limit of 
100 p.p.m. for oil or oily mixtures discharged from 
ships within certain prohibited zones, gpnerally 50 
miles from land. To meet the statutory and inter- 
national i-equirements, a program was cstablsihed to 
develop equipment suitable for shipboard use to re- 
duce tlie oil content of oily bilge and ballast water 
discharges to within the legal limits. 

Attempts to develop both oil/water separation 
equipment and instruments for detecting and moni- 
toring oil concentration have been taken. Methods 
of measuring the concentration of oily water dis- 
charges are still being sought, with several approaches 
now being considered. 

A broad range of antipollution work has been un- 
dertaken toward the solution of problems in the fol- 
lowing areas: 

1. Elimination of international oily discharges 
from tankers. 

2. Development of double-skiu and high depth 
tanker dqpigns. 

3. Survey and evaluation of port reception facili- 
ties for shoreside treatment of oily wastes, oil 
water concentration, and interface detector 
systems. 

4. Use of flocculents to aid in the separation of oil 
in oily ballast tanks. 

5. Profile studies of oil concentration in ballast 
tanks. 

6. Efforts to quantify ship pollutants other than 
oU. 

7. Studies of different approaches to oil and ballast 
loading of tankers. 

8. Collision avoidance. ^ 

Further plans will be directed toward solving other 
ship generation pollution problems, such as sewage, 
galley and garbage grinder liquid wastes, trash and 
solid wastes, and stack gases. 

Funds (in millions of dollars) expended by DOC 
for other water quality problems during fiscal year 
1969-71 are as follows: 

1969 1970 1971 
0.09 0.18 0.21 

Department of Defense 

The DOD is improving concepts, designs, and con- 
struction methods to minimize the effect of the con- 
struction facilities on the environment. These efforts 
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contribute directly to the abrttcment of water pollu- 
tion through control of soil ero.sion. 

Uesciirch was undertaken to develop muster plan- 
ning, design techni(|ucs, and improved miiintcnjinco 
and disjKJSiil oixjrations to redui'e pollution from 
miUtary construction activities. Construction cnj;i- 
neerinj; laboratories are collcctinj; and analyzinj; 
information on rc(piiremcnts, criteria, and state- 
of-the-art in antiiH)llution a.spects of niilitarv 
construction. 

Funds (in millions of dollars) expended by 1)01) 
for other water (piality problems during fiscal year 
19G9-71 are as follows: 

1069 1070 1971 

0.07 0.07 o.i:j 

Department of Transportation 

This program is to develop techniques and e(|uip- 
ment to control and clean up i)ollutant spills. Past 
and current activity has been directed towards de- 
veloping these capabilities for oil spills. The oil spill 
program is approximately 40 percent complete. De- 
velopment of oil spill control equipment is in the 
experimental prototype construction stage. Research 
into the fluid mechanics of oil films on the ocean 
surface and the hydrodynamics of floating barriere 
at sea was completed in support of the prototype 
development effort. Engineering research for oil re- 
covery systems, including analysis of sorbent ma- 
terials and engineering feasibility studies of various 
harvestijig concepts, is nearing completion. Develop- 
ment of high seas qualified recovery systems has been 
initiated. 

Longer term R. & D. activity will be concerned 
with providing similar control and cleanup capability 
to combat other hazardous pollutant spills. 

Funds (in millions of dollars) expended by DOT 
for other water quality problems during fiscal year 
1969-71 are as follows. 

1060 1970 1071 
0.41 3.61 2.50 

Environmental Protection Agency 

The objective of this prqgram is the development 
and demonstration of technology and systems to 
control, effectively and, economically, pollution from 
diverse sourceSjTncIuding recreational activities, 
watercmft, construction projects, impoundments, 
salt water intrusion, natural pollution, dredging and 
land fill, and spills and discharges of oil and hazard- 
ous materials. 



Major emphasis has been given to means of pre- 
venting and coiitrolUng spills of oil and hazardous 
materials, including demonstration of technology for 
cleaning oil<>contaminated beaches, development of 
procedures for evaluating oil-treating chemicals, de- 
velopment and evaluation of techniques for detecting 
oil discharges, and development of first-generation 
technology for oil containment and removal. 

Objectives include.: Development and demonstra- 
tion of effective methods to prevent, detect, contain, 
and clean up oil pollution; development of tech- 
nology and systems to preclude convenience dumping 
of used oils; exploration of techniques to prevent and 
mitigate the effects of spills of hazardous materials; 
and development and demonstration of technology to 
control and treat waste from watercraft, isolated re- 
creation areas, construction sites, and dredging and 
landfill. 

Funds (in millions of dollars) expended by EPA 
for other water quality problems during fiscal year 
1969-71 are as follows: 

1969 1970 1971 
1.89 2.77 10.83 

National Science Foundation 

Research relates to emrichment pollution of lakes 
and rivers — ^the overgit)\\i;h of algae as a result of the 
addition of excessive nutrients to natural water. 
Other research relates to the biogeochemistry of 
heavy metals in both fresh water and the ocean. 
There is a definite and desirable trend toward the 
study of the biogeochemistry of heavy metals. Re- 
search is supported on sediment transport in streams 
and rivers and sediment deposit in quiet water. 
Additional research concerns the basic processes of 
sewage treatment — filtration and sludge formation. 

Studies of algal and rooted-plant overgrowth are 
supported on understanding the natural processes, 
such as the feeding of herbivores, that will help con- 
trol aquatic plant populations. 

Funds (in millions of dollars) , expended by NSF 
for other water quality problems during fiscal year 
1969-71 are as follows: 

1969 1970 1971 
0.86 0.75 0.82 

SALINITY RESEARCH 

Department of Agriculture 

USDA is primarily concerned with the occurrence 
of dissolved salts, metals, metal compounds, acids, 



and alkalis in irrigation water, their accumulation in 
soils, and subsequent augmentaticii in drain outflows 
from irrigated cropland in arid regions. 

Current research is directed toward increasing 
irrigation efficiency to achieve better control of 
salinity in irrigated areas. Attention is also being 
given to means of minimizing evapotranspiration 
losses. Methods are being studied whereby natural 
water yields from surrounding areas can be increased 
to dilute salt concentrations. 

Additional research is designed to gain an under- 
standing of the physiology of salt tolerance in plants, 
and to genetically increase the salt tolerance of^just^ 
ing crops, thus permitting greater use of monf saline 
waters for existing crops. 

New methods should be explored for disposing of 
saline drainage water to avoid degrading existing 
water resources. Possible alternatives include desali- 
mition, evaporation basins, deep well injection, and 
diversion to the sea or other saline xs'ater bodies 
such as the Saiton Sea. 

Where adequate good quality water is unavailable 
for irrigation, methods should be developed for using 
water of impaired quality. This would include the 
potential reuse of r(:<:;urn flows. Greater efforts are 
needed in the genetic development of more salt 
tolerant crops. 

Funds (in millions of ddlars) expended by USDA 
for salinity research during fiscal year 1969-71 are as 
follows: 

1969 1970 1971 
1.33 1T42 1.51 

Department Of the Interior 

Model studies and conceptual design of outfalls 
and intakes are designed to minimize the effects of 
thermal and increased salinity discharge from dktilla- 
tion desalting plants. Intake studies ajre being investi- 
gated to determine the most effective and economical 
intake structures and antifouling devices in order to 
minimize the amount of marine life present in 
feedwater. 

Ecological systems of coastal and inland waters 
are studied to establish changes that may be brought 
about by introducing large volumes of waste brine 
from desalting plants. The synergistic effects of in- 
creased salinity and copper concentrations, together 
with elevated temperature, will be studied. 

The Office of Saline Waters is attempting to de- 
velop processes for converting geothermal brines to 
desalted water without deleterious side effects on the 



eiiviroiuueiil. Pnujess studies and tests will he ('Oii- 
(liiHcd to (letcrniine luethods of mininiizin|j; thermal 
pollution of the atmosphere, of reeoverinf; nscfnl hy- 
products that inij;ht otherwise lead to disposid pmh- 
lems, and of disposing of wastes in an iiuioeuoiis 
manner. 

At inland locations that have hi^h solar evapora- 
tion rates, solar ponds can ho used as a method of 
hrinc dispostd. Related R. & D. studies and tests 
include preparation of specifications for construction 
of solar evaporation ponds. 

A method of hrine disposal in inland areas is ulti- 
mate disposal in deep wells. The technical considera- 
tions include the study of geological formations to 
determine their feasibility for receiving largq volumes 
of waste brine and the possible hazards of dumping 
brine into subsurface formations over long periods. 

Dissolved salts in irrigation watev, their accumula- 
tion in soils, and sub.sequent augmentation in drain 
outflows from irrigated cropland in arid regions are 
of c*oncern. There are about 30 million acres of irri- 
gated land in the 17 Western States. Salinity is a 
potential problem on about one-half of this acreage, 
and over 8 million acres have been adversely affected 
by mlt accumulation. 

Current programs are directed toward increasing 
irrigation efficiency to achieve better control of 
salinity in irrigated areas and to means of minimizing 
evapotranspiration losses. Methods are being studied 
%vhereby water fields from surrounding areas can be 
increased to dilute salt concentrations. Phreatophytes 
are responsible for significant transpiration losses and 
control measures are being studied. 

Consideration also must be given to the effects of 
saline water on crop production. Current programs 
are designed to evaluate the physiology of salt toler- 
ance in plants. 

Irrigated arid agricultural lands \nll continue to be 
needed in the future to meet demands for food and 
fiber crops. Where good quality water is not avail- 
able, soil-water-plant management systems must be 
developed that will permit use of inferior quality 
water. Greater efforts are needed to develop soil- 
water-plant systems that reduce losses by evapora- 
tion and transpiration and that better control water 
losses through phreatophytes and seepage. 

Where good quality \>'ater is unavailable for irri- 
gation, methods are needed for using water of im- 
paired quality. This would include the potential 
reuse of return flows. Greater efforts are needed in the 
genetic development of salt tolerance of living or- 
ganisms. Where a possibility of agricultural water 
quality impairment from industrial sources exists^ 



more information will l)e needed on the impact of 
certain trace metals on both plants and animals. 

I'unds (in millions ol' dollars) expended l>y 1301 
for salinity research during fiscal year 19G9-71 aieas 
follows: 

mo turo ton 

\.m 1.70 !.S7 



THERMAL RESEARCH 

Atomic Energy Commission 

The R. & D. supported on thermal additions in- 
clude the following: 

• Development of improved water tempemture 
predictive techniques in streams, lakes, estu- 
aries, and oceans. 

• Development of improved heat dissipation sys- 
tems for thermal power plants. 

• Determination of the effects of siting large nu- 
clear i)owcrplants on large bodies of water, and 
performance of economic and social factors. 

• Determination of the biological effects of tem- 
perature and temperature changes on various 
water systems; that is, in fresh-water streams 
and lakes, in bay or other coastal environments, 
and in the atmosphere. Emphasis is placed on 
the effects of sublethal temperatures and other 
environmental stresses as they relate to the opti- 
mal growth of sport and commercial fish and 
supporting ecosystems. 

• Development of beneficial uses for thermally 
enriched water for application in such fields as 
agriculture, aquaculture, and some industrial 
agencies. 

Funds (in millions of dollars) expended by AEC 
for thermal research during fiscal j'ear 1969-71 are as 
follows: 

1969 1970 1971 
0-8.') 1.49 3.2.5 

Corps of Engineers 

The Civil Works study of thermal effects on rivers 
and lakes has included monitoring temperature 
regimes, thermal destratification, and water quality. 
Momtoring of temperature regimes is conducted pre- 
and post-impoundment in order to determine the 
project's effect on ecological balance and the impact 
of the regional environment. The thermal destratifica- 
tion investigations have evaluated the use of air 
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diffuser systems or submerged wires on temperatures 
in stratified lakes, effects of temperature change on 
water quality and sedimentation, and structural 
changes that would allow downstream releases or re- 
leasing water from various levels of lakes and reser- 
voirs in order to offset thermal impacts. 

Funds (in millions of dollars) expended by CE for 
thermal research during fiscal year 1969-71 are as 
follows: 

I960 1970 1971 
0.19 0.20 0.21 

Department of Commerce^<^ 

NOAA of DOC is reported spending the following 
amounts (in niillions of dollars) on thermal research 
during fiscal year 1969-71: 

1969 1970 1071 
0.27 0.20 0.1.5 

Department of the Interior 

The DOFs Oflfice of Water Resource Research is 
concerned with the following pollution programs: 
Ecological impact of waste heat, heat dissipation, 
temperature distribution, and constructive use of 
waste heat. 

Additional research emphasis is needed in the fol- 
lowing areas: The effects of temperature on the sur- 
vival growth, reproduction, and well-being of im- 
portant animals and plants in the aquatic ecosystem, 
and on food chain organisms; interaction effects on 
ecosystem of temperature, dissolved oxygen, salinity, 
nutrients, and other factors; development of non- 
empirical stochastic temperature prediction models; 
development of three-dimensional mathematical 
models for predicting temperature distribution; im- 
proving heat dissipation methods as alternatives to 
once-through cooling; and constructive use of waste 
heat; for example, in agriculture, in aquaculture, to 
enhance recreational quality of water, and for in- 
dustry and dwellings. 

Research by the U.S. Geological Survey is con- 
cerned with describing the physical processes affect- 
ing water temperature and with defining some of the 
biological effects of thermal pollution. Research pro- 



Expenditures on thermal research for the National 
Oceanic and Atmospheric Administration, DOC; EPA; and 
TVA were obtained from the OST report "The Effects and 
Control of Heated Water DIsehargcs" (November 1970). 
No direct input on funds spent or program descriptions were 
obtained from the agencies themselves. 



jects deal with licatiiij; and roolinj; at the a'r-wator 
intcrfner, evaponition ofTcct.s, mixinjr, difTusion, 
efTectsol' urbanization on .stream teniporaturos, drni- 
lation in stratifled lakes and estuaries, instrumenta- 
tioi; and tec'lunquo.s for measuring water temi)er:i- 
tures l)y continual monitoring and l>y remote sensing, 
and biological elTocts resulting from heated diseharKCs 
in an estuary. 

Funds (in millions of dollars) expended by DOI 
for thermal research during fiscal year 19(}9-71 areas 
follows: 

mo 1070 1071 

o.ri 0.40 0..V2 

Environmental Protection Agency" 

The objectives of the thermal polhition research 
program are: 

1. To improve the basis for developing and imple- 
menting thermal standanls by determining the 
effect of temperature cycles on the reproditction 
and life cycle of marine estuarine and fresh 
water aquatic life, fish and essential feed chuln 
organisms. 

2. To improve technitiues for the control of waste 
heat through development of advanced cooling 
techniques, power generation systems that 
minimize waste heat, beneficial use of waste 
heat and techniques for predicting temperature 
patterns in receiving waters. 

Funds (in millions of dollars) expended by SPA 
for thermal research during fiscal year 1969-71 are as 
follows: 

1060 1070 1071 
0.85 1.75 2.87 

Housing and Urban Development 

Most facilities for generating electricity burn fossil 
or nuclear fuel and in addition to electricity, they 
produce tremendous amounts of low-temperature 
thermal energy, which, at present, is discharged into 
water and atmospheric sinks. The discharge into 
water has created concern for thermal stream pollu- 
tion that is bound to increase with power system 
growth. 



" Expenditures on thcrmnl research for the National 
Oceanic and Atmospheric Administration, DOC; EPA; and 
TVA were obtained from the OST report '*The EfTecta and 
Control of Heated Water Dbchargcs" (November 1970). 
No direct input on funds spent or program descriptions were 
obtained from the ngencice themselves. 



85 



Demonstration of effective and economical control 
of thermal pollution and beneficial use is no^v wasted 
heat. The present effort is concentrated on the analy* 
sis of an energy center for a new citj'. 

Funds (in millions of dollars) expended by HUD 
for thermal research during fiscal year 1969-71 are as 
follows: 

im 1970 1971 
0.10 0.10 0.10 

National ScleR^e Foundation 

Research 'support in thermal pollution is oriented 
to a broad program in all sciences and engineering. 
Support by the Divisions of Engineering, Biological 
and Medical Sciences, and Environmental Sciences 
is specifically oriented to thermal pollution in water. 
NSF supports 90 grants in the area of heat transfer. 
Water and related problems in heat transfer research 
include: The impact of urbanization; the mixing and 
transfer processes for heated effluent in open chan- 
nels, rivers, lakes and oceans; the utilization of city 
utilities for the discharge of power plant heat; and 
ecological and physiological effects of thermal dis- 
charges on animals and fish. 

Funds (in millions of dollars) expended by NSF 
for thermal research during fiscal year 1969-71 are as 
follows: 

1969 1970 1971 

0.74 0.89 0.00 

Tennessee Valley Authority^^ 

The Tennessee Valley Administration is reported 
as spending the following amounts (in millions of 
dollars) on thermal research relating to water: 

1969 1970 1971 

0.24 0.42 0.42 

WASTE TREATMENT AND 
ULTIMATE DISPOSAL 

Atomic Energy Commission 

Funds (in millions of dollars) reportedly expended 
by AEC for waste treatment and ultimate disposal 



» Expenditures on thermal research for the National 
Oceanic and Atmospheric Administration, DOC; EPA; and 
TVA were obtelned from the OST report "The Effects and 
Control of Heated Water Discharges" (November 1970). 
No direct input on fimds spent or program descriptions were 
obtained from the agencira themselves. 



during fiscal year 1909-71 are as follows: 

19GU 1070 mi 
:}.3l :5.lO :{.44 

Department of Defense 

The Army is attempting to reduce water-polluting 
effluents from Army laboratories, testing facilities, 
munitions plants, and facilities of the Field Army. 
The follo^^1ng studies are being conducted to find 
better methods for decontamination of toxic wastes 
from Army facilities and test sites: To develop kits 
for detecting the effectiveness of the decontamination 
of water; to improve techniques for disposal of 
sewage in cold regions; to recycle waste water in field 
hospital systems; and to apply tertiary treatment to 
sewage by exposing it to gamma radiation. It has 
been shown that irradiation of sewage destroys al- 
most 100 percent of the microorganisms present 
before tertiary treatment. A water recycling and 
waste management system is now undergoing engi- 
neering and serviceability tests. Progress has been 
made in treatment of sewage in cold regions without 
having to place the facilities inside heated buildings. 

For treating photographic film wash water for 
reclamation, the Air Force is evaluating an electro- 
lytic technique to regenerate and reuse the photo- 
graphic bleach without introducing chemicals into 
the process effluent. Treatment te/'hniques for electro- 
plating waste v^ill be studied. Work also \\\\\ be ac- 
complished to develop air transportable sewage 
treatment systems and the design criteria for sewage 
oxidation/stabilization ponda. Equipment designed 
to process waste water up to near potable standards 
for reuse in showers, laundries, and others is to be 
developed for contingency deployments. This new 
effort is for the primary purpose of reducing^ raw 
water requirements but in areas where no shortage 
exists, pollution reduction could be a beneficial 
byproduct. 

Funds (in millions of dollars) expended by DOD 
for waste treatment and ultimate disposal during 
fiscal year 1969-71 are as follows: 

1969 1970 1971 
0.5d 0.06 1.00 

Department of the Interior 

The environmental research program provides 
fundamental research for new approaches that can 
be further explored in the engineering development 
program. The research program is broad-gaged in 
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scope and is broken down into major categories as 
follows: Selective removal or addition of ions to 
water, scale prevention and control, imn and manga- 
nese removal, and pH control. 

A multistage flash pilot plant was o|)erated on the 
polluted waters of the Hackensack Uiver in Xew 
Jersey to determine the technical feasibility of the 
distillation method of purification. 

Funds (in millions of dollars) expended by DOI 
for waste treatment and ultimate dis|)osal during 
fiscal year 1909-71 are as follows: 

ma 1070 tint 
0.09 o.n o.i:i 

Department of Transportation 

Current work is centered on applied research for 
improving sewage treatment processes and develop- 
ing sewage plants suitable for shipboard use to pre- 
vent water iK)llution by ship discharges. 

Current and short-term activity is being directed 
towards applied research hisolids separation tech- 
nique, improved disinfection methods, procedures to 
accomp lish tertiary treatnient, and development and 
field tesi of experimental treatment systems. 

Funds (in millions of dollars) expended by DOT 
for waste treatment and ultimate disposal during 
fiscal year 1969-71 are as follows: 

tm 1970 1971 

0.10 O.U 0.30 



The long-term goal is development of teclmology 
for the efficient and relial)le treatment of all point 
source waste discharges to whatever level of (|Uality, 
including potable water, required to meet water 
quality standards. 

Funds (in millions of dollars) ex|)ended by EPA 
for waste treatment and ultimate dis|X)s:il during 
fiscal year 1969-71 are as follows: 

1969 1970 mi 
11.07 7.20 r).:r» 

National Aeronautics and Space Administration 

Part of the challenge of long duration, manned 
space missions lies in the development of life support 
systems and equipment that can minimi;se large 
quantities of expendables; safel> collect, process, and 
dispose of human waste, expendables, and food resi- 
due for possible reuse; and monitor and control 
contaminants. Some of the R. & D. to meet these 
requirements may be applicable to water pollution 
abatement. The technology develoiKjd may be dem- 
onstrated to be of importance to pollution control 

Funds (in millions of dollars) expended by NASA 
for programs applicable to waste treatment and ulti- 
mate disposal during fiscal year 1969-71 are as 
follows: 

1900 1970 im 

0.70 0.98 1.28 



Environmental Protection Agency 

The objective of this program is to develop waste 
treatment technology applicable to both municipal 
and industrial wastes. Immediate emphasis will be 
given to cooperation with municipal pollution control 
technology program in concentrating efforts to con- 
vert emerging technology into rapid development to 
maximally impact attainment of water quality stand- 
ards through federally aided construction of muni- 
cipal waste treatment f)lants. 

Short-term goals include: Development of methods 
for effective and economical removal of nitrogen, 
development of methods for handling sludges and 
brines from municipal and industrial waste treat- 
ment, development and demonstration of technology' 
for waste water renovation and reuse, and develop- 
ment of systems, including automated sj'stems, for 
reduction of cost and increase of reliability and effi- 
ciency in the operation of municipal waste treatment 
plants. 



GENERAL WATER 
QUALITY RESEARCH 

Corps of Engineers 

Under part of the civil works research program, 
data are collected in order to accomplish investiga- 
tion of the effects of CE's water resources projects 
on the ecological regime. This data collection effort 
includes information on physical, chemical, and bio- 
logical parameters gathered at specified river stations, 
reservoirs, and coastal inlets and estuaries. 

hi addition to the data collection effort, CE is 
attempting to develop technology to assist in achiev- 
ing high standards of water quality. A major investi- 
gation is aimed at utilizing mechanical aeration on 
deep multipurpose impoundments to prevent or 
lessen seasonal stratification and improving tempera- 
ture effects and the dissolved oxygen content of 
stored and released waters. Further research is 
planned on determining the energy requirements 

: : S8 87 



ncoossary to completely mix the hotly of water and 
mnintaiii stahility during the summer. A second re- 
search effort to improve the oxy>;en aiKl nitrogen 
content in water to preserve fish has led to the de- 
velopment of mathematical and hydraulic models 
for the prediction of oxygen and nitrogen levels and 
evaluating design criteria and o|M3ration of spillways 
and outlets to minimize detrimental nitrogea 
concentrations. 

Funds (in millions of dollars) ex|)ended by CK for 
general water (luality research during fiscal year 
1969-71 are as follows: 

1969 1970 1971 

O.iO 0.14 0.87 



Department of Commerce 

The DOC's National Bureau of Standards is study- 
ing detection and measurement of trace organic 
pollutant!? in watev, based on the use of aqueous 
solutions ovL an inert substrate in gas chromatog- 
raphy. In principle, the method will be applicable to 
analysis for a wide rango of organic compounds or 
classes and, where developed, will eliminate much 
sample handling, concentration, extraction, etc. 
Future priority research areas will be fluid velocity 
and volume flow measurement, development of 
standard reference materials most needed for calibra- 
tion of analytical instruments, and development of 
electrochemical techniques for trace analysis and for 
analysis of concentrated solutions such as raw in- 
dustrial wastes. 

The Nashus River demonstration program for en- 
vironmental management attempts to demonstrate 
that by focusing and directing a concentrated, inter- 
governmental effort in one river basin and by using 
maximum available water quality management tools, 
water quality standards and reclamation of desired 
uses can be achieved in a near-optimum and efficient 
manner. 

Funds (in millions of dollars) expended by DOC 
for general water quality research during fiscal year 
1969-71 are as follows: 

1969 1970 1971 
0.25 0.25 0.58 



Department of the Interior 

Identification of pollutants is being studied to de- 
velop faster, more reliable, and more sensitive meth- 
ods, es^cially for elements and compounds not 




previously of concern, such ns heavy metals and i)er- 
sistent pesticides. 

Investigations are concerned with diffuse sources 
of pollutants and transport and fate. A significant 
amount of rascarch etTort is devoted to the complex 
pathways and ultimate fate of phosphorous and to the 
biological concentration of persistent pesticides in 
the food chain. 

Studies on the effects of pollutants involve re- 
search on how a wide variety of pollutants affect 
beneficial uses of water. Pollutants include excess 
organic matter, pesticides, nutrients, and industrial 
wastes. 

Research in waste treatment is directed at physi- 
cal, chemical, and biological methods of improving 
the quality of effluents and reducing costs. Special 
attention is given to reducing nitrogen, phosphorous, 
and pesticides; to reducing industrial, textile manu- 
facturing, and acid-mine wastes; and to adapting 
sewage treatment methods to animal fcedlot wastes. 

Water treatment research is aimed at treatment 
methods to make water supplies safe, suitable, and . 
economic. Current research includes innovative 
methods to remove undesirable elements (foam frac- 
tionation, synthetic flocculants, electrophoretic clari- 
fication); evaluation of disinfectants for viruses, 
desalination techniciues, and virus removal by chemi- 
cal flocculation. 

Water quality control studies include instreem 
aeration devicas, decontamination of radioactive 
substances in mine wtistes, destratification of reser- 
voirs to improve water (luality, recycling water, 
reclaiming wastes, and productive use of wastes to 
grow forest and field crops and aquatic animals of 
economic value. 

Other program areJis related to the quality of water 
environment are as follows: Improving water re- 
sources system planning and management processes, 
conserving ecologic values in water resources plan- 
ning, and conserving estuarine water resources. 

The U.S. Geological Survey (USGS) operates a 
program to appraise the Nation's water resources and 
to assure that water information needed to manage 
these resources effectively is available. The agencj' 
also is charged with the responsibility to coordinate 
a national network for acquiring water data. Re- 
search by the Survey covers many parts of the water 
cycle, including water quality. In addition to re- 
search monies shown in this report^ $5.20 million is 
being spent on monitoring and surveillance of water 
quality, and about $26 million is being spent on 
water resources investigations and data coordination 
applicable to the control of water quality. 
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Considerable progve^^s 1ms been made by the USOS 
on developing analytical technicjues, and itiscarch 
will continue to stress idei tification of substances. 

Considerably more effort is to be placed on analys- 
ing organic compounds, materials sorbed by sedi- 
ments, and toxic heavy metals. Xeutron activation 
anab'sis has increased detection sensitivity. More 
reliable continuous monitors are being developed. 
There is encouraging evidence that some remote- 
sensing metliods may be applied to water analysis, 
and these techniques are being studied further. Re- 
search continues on improving techniques for meas- 
uring and computing sediment transport. 

Research is continuing to help understand the 
basic processes, such as chemical reactions, mixing, 
sedimentation, erosion, aeration, and sorption, that 
control water quality. This is coupled with research 
to develop a better understanding of larger hydro- 
logic systems. 

Research on pollution by the Geological Survey 
includes several projects on the pollution of ground- 
water from deicing salts, landfills, septic tanks, injec- 
tion wells, and other sources. A major research effort 
recently started by the USGS is concerned with sub- 
surface waste storage. / 

High priority will be placed on research, develop- 
ment, and demonstration projects on many as])ectsof 
surface and subsurface waste disposal. Research in 
such areas as instrumentation, evaporation, limnol- 
ogy, a:id estuarine circulation also has application in 
understanding and solving thermal pollution prob- 
lems. This work has made significant progress to- 
ward such objectives as developing instruments to 
record and telemeter thermal data and other informa- 
tion accurately, understanding the basic processes of 
heat and vapor transfer at the air-water interface, 
understanding circulation and tidal flushing of bays 
and estuaries. 

The Bureau of Reclamation is finding new and 
better ways to protect the quality of water resources 
so that available supplies are not rendered unfit for 
use and so that environmental and ecological balances 
are not violently upset. 

Water quality control studies involve control of 
surface and ground water quality by such methods as 
reaeration of reservoir and river waters; better man- 
agement of ground waters, impoundments, and 
streams; and determination of potential effects of 
residues of selected herbicides used for infestation 
control. Reaeration studies will establish practical 
methods of treating large-scale reservoir releases to 
safely increase the dissolved oxygen content of the 
waters. Herbicide residue studies are made to deter- 



mine the fates of such residues in relation to methods 
of herbicide appHcation. Research in predict inj? nu- 
trient and salt loadinj^s en: bics the dovolopment of 
evaluation procedures for dctormininj?, before pro- 
jects are built, the amounts of such materials that 
will be in the return flow-s from the project and j^ivos 
insight into the treiUments that will be rec|uire(l. 

Funds (in millions of dollars) eNoeniled by 1)01 
for general water quality research during fiscal year 
1909-71 ai-e as follows: 

tooff tino W7t 

!).46 n.'io lO..")!) 

Department of Transportation 

The Coast Gimrd is developing adecpuitc methods 
for detecting the presen(re and sources of pollutants 
spilled in the coastal ocean environment and navi- 
gable inland waters. This will provide information 
concerning pollutant behavior so that proper correc- 
tive action can be taken and will improve enforce- 
ment capabilities. 

Past and current activity is centered on the develop- 
ment of airborne, all-weather sensors to detect, map, 
and quantify oil spills. Studies on ultraviolet, in- 
frared, visible, and microwave portions of the electro- 
magnetic spectrum have been completed. Develop- 
ment of experimental sensor systems based on this 
research is underway. Short-term 11. & D. is directed 
towards developing a positive method to identify 
the source of an oil spill. In addition, research to 
determine the routes and reservoirs of spilled oil is in 
progress. Long-term work in this program will extend 
remote sensing, source identification, and forecasting 
capability to include marine transportation-related 
hazardous polluting substances. 

Eunds (in millions of dollars) expended by DOT 
for general water quality research during fiscal year 
1969-71 are as follows: 

1069 1970 1971 
0.20 Q.oo 1.20 

Environmental Protection Agency 

This program includes characterization and quanti- 
fication of sources and kinds of pollutants and their 
interaction with the water environment, develop- 
ment and demonstration of technology or systems 
for preventing and controlling pollution from multiple 
sources such as accelerated eutrophication and 
thermal pollution, development and demonstration 
of means for the control of pollution other than by 
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waste treatment, and an increased understanding of 
the socioeconomic, legal, and institutional aspects of 
pollution. 

Significant progress has been made in characteriz- 
ing tlie causes of accelerated eutrophication and in 
the development of anabiical methodology. Major 
goals include: Development of methods to control 
eutrophication and restore degraded lakes; and de- 
velopment and standardization of methods to detect, 
identify, quantify, and trace water contaminants to 
detect impending problems, to assume compliance 
with regulatory action, and to relate pollution dis- 
charge loads to receiving water quality. Specific 
programs recently authorized include: Lake restora- 
tion in which development is underway for methods 
of controlling eutrophication by advanced waste 
treatment, nutrient removal, weed liarvesting, and 
chemical inhibition of algae. (This program will pro- 
vide for full-scale demonstration of tliese and other 
techniques.) Great Lakes pollution control in which 
initial projects will be ainied at identifying and 
characterizing problem areas to be the subject of 
full-scale control demonstrations; and Alaska village 
demonstrations in which demonstration, including 
through adaptation of temperate climate teclinolog}', 
of s}^tems for provision of safe water, and controlling 
or eliminating water pollution in native villages of 
Alaska. 

Funds (in millions of dollars) ey.pcnded by EPA 
for general water quality research during fiscal year 
1969-71 are as follows: 

1969 1970 1971 

lO.m 13.47 22.78 

Tennessee Valley Authority 

TVA carries on water quality research and de- 
velopment related to methods of controlling various 
types of pollution or poUutional effects associated 
with river basin management. The following activi- 



ties are under way: 

1. Studies to determine the causes and effects of 
reservoir eutrophication. 

2. Studies of rate of heat loss from water. 

3. Studies of the effects of heated water on aquatic 
life. 

Funding (in millions of dollars) expended by TVA 
for general water quality research during fiscal year 
19G9-71 are as follows: 

196!) 1970 U)71 

0.44 0.4S • 0.5:i 



WATER QUALITY REQUIREMENT RESEARCH 

Environmental Protection Agency 

The objectives of this program are to provide the 
scientific bases for establishing improved water 
quality standards for tlie Nation's waters and to 
develop a capability for predicting the water quality 
effects of the many new substances being constantly 
introduced into the water environment. 

Investigations have been focused on all water uses 
but primarily on effects of pollutants on aquatic life, 
on the assumption that standards adequate to pro- 
tect this life Will most likely also provide water 
quality sufficient for otlier water uses. Research in- 
volves establishment of refined water quality criteria 
for heavy metals, pesticides, petrochemicals, temper- 
ature and dissolved oxygen, complex industrial 
effluents, and such specific chemicals as polychlori- 
nated biphenyls (PCBs) and Nitrilotriacetric acid 
(NTA). 

Funds (in millions of dollars) expended by EPA 
for water quality requirements research during fiscal 
year 1969-71 are as follows: 

1969 1970 1971 
4.05 5.49 10.38 
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APPENDIX 3 



Land Quality 



Pollutants cannot be restricted to a single medium 
such as land, water, or air. Pollutants in or on land 
may be transported to water, or they may be carried 
by wind currents or volatilized into the air. The ex- 
tent to which this occurs cannot be determined pre- 
cisely. Thus, arbitrary decisions had to be made on 
how to classify the effects of specific pollutants. For 
example, animal wastes are considered in part in the 
discussion of solid wastes and also under the specific 
heading of animal wastes. Despite the seeming dupli- 
cation, discrete elements of the total effect have been 
separated. There is no duplication in funds reported 
in table 5 (p. 34). 

R. & D. relative to pesticides has also been a 
problem in classification. Considerable research is 
being conducted on the effects of pesticides on fish 
and wildlife, on domestic animals, and on the food 
quality. For want of a better place to include such 
research within the organizational format of this re- 
port, it is reported in this appendix. The reader 
should be aware, however, that such research does 
not relate specifically or exclusively to land quality. 

This appendix is organized by pollutants of various 
kinds that affect land quality. Under each pollutant, 
the activities of the various Federal agencies who 
have R. & D. programs in that area are discussed. 

ANIMAL WASTES 
Department of Agriculture 

Estimates indicate that animal wastes as voided 
total about 1.7 billion tons annually. Suitable meth- 
ods for handling and disposing of these wastes to 
avoid i^il, water, and air pollution are needed to 
enhance environmental quality. There is a growing 
public concern about insects breeding in waste ma- 
terials and the danger of disease transmission. 

To maintain economically competitive podtionSi 
producers have had to specialize^ automate^ and in- 



crease the size of their operations. Specialization has 
often eliminated cropland that would othen\1se be 
available for land disposal of animal wastes. Automa- 
tion has resulted in greater concentrations of live- 
stock. Currently, more than one-half of the wastes 
arise from these highly specialized, concentrated 
operations. The percentage is increasing. 

The general practice in poultry and beef cattle 
operations is to allow the wastes to ac naulate for 
several months, with ultimate disposal c. croplands. 
These disposal methods require better understanding 
of the reaction of manure in soil. Preliminary data 
suggest that sugarbeet and corn yields were not re- 
duced by cattle manure treatments of 200 tons per 
acre per year. Above this rate, plant injury from salts 
occurred early in the season. In Arkansas, over 200 
head of cattle were lost from disorders associated 
with high nitrates when farmers put heavy applica- 
tions of poultry litter on forage crops. 

Limited data on nitrate pollution of surface and 
ground waters from a feedlot on a level site imderlain 
by sandy soils and a shallow water table indicate that 
denitrification occurs. However, the crmount of nitro- 
gen lost to the air is not known. The data suggest 
that feedlots can be constructed so that manure will 
decompose without polluting the surface and ground 
waters. 

Funds (in millions of dollars) expended by USDA 
for animal wastes research dxuing fiscal year 1969-71 
are as follows: 

1969 1970 1971 
0.40 0.60 0.92J 

FOREST AND CROP 
RESIDUES 

Depiilmentof Agrieulture 

Recent restrictions on biuming of crop wastes, 
brought about by air pollution law^, have raised 



/ 

(lucstions about tlic l)iopliy>;iral liwd biochemical rc- 
liitioiisbips that occur durinj: rcsiihio decomposition. 
Ajrricultural scientists arc aware that the kiio\vletlj;e 
of mauaj^cmeiit practices as they relate to rcsi<hic 
tleccmipositioii is very limited. 

I'br example, because of lack of kiio\vledj;e about 
re.sidue decomposition, no alterative methods have 
been found for the annual burning; of residues from 
some (!rops. 

Funds (in millioiLs of dollars) expended by USDA 
for forest and crop resi(Uios research during; fiscal 
year 1909-71 are as follows: 

/.%vy 1070 unt 
2.3(5 2.r>l 2.8S 



HEAVY METALS 
Department of Aerlculture 

A partial understanding has been attained of the 
reactions of metals such as arsenic, copper, zinc, 
mercury, and cadmium with soils. Some of these 
metals will become soil pollutants from agricultural 
operations, others from industrial sources. 

Funds (in millions of dollars) expended by USDA 
for heavy metal research during fiscal year 19(59-71 
are as follows: 

19G9 . mo 1971 
0.06 0.06 O.OG 

National Science Foundation 

NSF has recently undertaken research on the 
effect of biological processes on mercury and lead. 
The mercury study focuses on methylation of heavy 
metals by the anaerobic bacteria and is designed to 
develop a general model of heavj'-metal methylation 
that may apply to a variety of heavy metals. This in 
turn may be of ultimate use in anaerobic waste 
treatment. The lead study seeks to determine the 
significance of lead ingestion by migratory waterfowl, 
particularly from bottom-rooted plants that may 
have absorbed the heavy metal. The study may bear 
on the cycling of an important industrial pollutant. 

Funds (in millions of dollars) expended by NSF for 
heavy metal research during fiscal year 1969-71 are 
as follows: 

1069 1970 1971 
0.10 0.10 0.50 



INDUSTRIAL PROCESSING WASTES 

Corps of Engineers 

Research is underway to detenniuc the ecologic 
inipac*t of depositing unpolluted dredge spoil on salt 
nuu^shcs and to u.sc .^poil for developinii man-made 
marshes. MITect of these activities on water (|uality 
is also being studied. 

Funds (in millions of dollars) expended by CV] for 
industrial processing waste research during fiscal 
year 1901)-71 areas follows: 

19^9 1970 1971 

o.o:; 

Department of Agriculture 

Liquid wastes from food and other industrial 
processing planl.s can be a serious pollution problem. 
If liquid wastes contain high levels of organic ma- 
terials, the biochemical o.xygcn demand can reduce 
the oxygen level in reservoirs or streams to a level 
that is letlml to aquatic life. EHluent.s that are high 
in heavy metals can be ixjisonous to aquatics life under 
anaerobic conditions. 

Soil is an excellent disposal medium. Most organic 
solids in processing wastes decompose readily in .soils; 
however, inorganic compounds may ac(»umulato to 
levels hazardous for some plants. High plant uptake 
of these compounds may be a hazard to man and 
animals. 

Wastes from industrial areas v.iry \videly in their 
chemical composition. For example, efflu3nts from 
areas with food-processing plants have low levels of 
the heavy metals but high levels of dissolved organic 
materials. If the dry-caustic process for peeling pota- 
toes is used, the liquid wastes can contain high levels 
of sodium. Disposal of these materials in soils on a 
sustained basis can create serious physical problems 
in the soil. 

Funds (in millions of dollars) expended by USDA 
for industrial processing wa.ste research during fiscal 
year 1909-71 are as follows: 

1909 1970 1971 

0.10 0.21 0.22 

Tennessee Valley Authority 

Restoration of surface-mined land is important in 
assuring an attractive environment and protecting 
land and water resources. Through research, demoii- 
strationSi and technical assistance, TVA works for 
the restoration of all abandoned surface mines in the 
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Tennessee River basin and for the assurance that 
reclamation is an integral part of future mininii; 
operatiotis. 

Studies are conducted in cooperation with the U.S. 
Forest Service, the States, and with the mininj; 
industry and landowners to discover better methods 
of reclamation. Demonstrations established with co- 
operators show how substantial areas of strip-mined 
land can be restored to timber and wildlife ])ro(hic- 
tion, that water can be controlled, tbat stream pollu- 
tion from acid and silt can be reduced, and that re- 
sults need not be costly and will begin to show in a 
relatively short time. TVA has proposed that a co- 
operative Federal-State-landowner demonstration of 
the development of orphan strip-mine lands be 
undertaken. 

Ftuuls (in millions of dollars) expended by TVA 
for industrial processing waste research during fiscal 
year 19G9~71 are as follows: 

1069 1970 1971 

0.20 o.3e o.io 



PESTICtDES RESEARCH 

R. & D. programs related to the effects of pesticides 
on land quality are conducted by USDA, AEC, DOI, 
and HEW. Programs conducted by them include 
both basic and applied efforts. 

Atomic Energy Commission 

The AEC program on pesticides is conducted ex- 
tramurally. Two projects involve the study of DDT 
recycling in terrestrial ecosystems. 

Funds (in millions of dollars) expended by AEC 
for pesticides research during fiscal year 1969-71 arc 
as follows: 

1969 1970 1971 
O.a*) 0.03 0.03 

Department of Apicuiture 

R. & D. relating to land pollution by pesticides is 
conducted by USDA primarily to determine the be- 
havior and fate of pesticides in soil and to avoid or 
minimize solid contamination 6y pesticides and their 
metabolites. An added activity is the disposal of 
pesticides and their containers. 

Mixing with soil increases the decomposition rates 
of certain pesticides. Some pesticides are rapidly de- 
graded by soil microorganisms, others only inci- 



dentally durinji the pn)C(\<s of microbial decomposi- 
tion of organic matter. Chemical dcp-adntion occurs 
rapidly or slowly, depending on chemical character- 
istics of the soil and tlie .specific pesticide type in- 
volved. Most pesticides appear to l)e noninjurious to 
soil microorganisms. Pesticide use scheihdes have 
been modified by substitution of loss persistent 
|)esticides, or by changes in dosa^^ and timing, 
theieby reducing the pollution potential. Basic in- 
formation on combustion prodticts has permitted 
design of ))rototype incinerators for the safe and 
effective disposal of waste and excess pesticides. 

A l)etter undei-standing of the ultimate fate of 
pesticides and their metabolites in soils is needed. 
Studies have been and are being conducted on the 
mobility of pesticides in soil types ranging from sand 
to clay. Such studies are important in determining 
the ])otential for ultimate pollution of surface or 
ground water by pesticides. Studies are also underway 
on the microbial, chemical, and photochemical 
degradation of pesticides. Degradation pathways and 
rates of degradation have been determined for many 
pesticides. Research of this type is never ending. As 
new pesticides are developed, new research is essen- 
tial to determine their fate in the soil and their effect 
on the biota. 

Virtually all pesticides in the soil are absorbed by 
plant roots to a greater or lesser degree. Thus, their 
metabolism in plants becomes a primary concern. In 
addition, some ])esticides, or their degradation prod- 
ucts, may move into the soil from living plants or 
from the incorporation of dead plant material. Stud- 
ies are underway to determine the metabolism of 
pesticides in plants and the identification of degrada- 
tion products. 

Toxicologic data on livestock have been developed 
for man}' pesticides. This information, togetlier wit!i 
studies of their fate and metabolism in plants and in 
soils, is useful in making adjustments to reduce or 
elimmate effects of pesticides. Limited data on effects 
of pest-control practices on wildlife have been 
developed. 

Information on domestic animals is partly trans- 
ferable to wild animals. Field tests of results from 
laboratories and small-scale plots arc needed to per- 
mit accurate recommendations for safe and effective 
control of economic pests under field conditions. 

Funds (in millions of dollars) expended by USDA 
for pesticides research during fiscal year 1969-71 are 
as follows: 

m9 1970 1971 
^ 8.68 8.69 9.81 
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Department of the Interioi* 

R. & D. programs conducted by DOI in the field 
of pesticides are oriented toward determining their 
effects on fish and wildlife. The pollatnnts may 
originate in land or in water and air. Particular 
attention is given to the persistent organochlorine 
pesticides and their interactioi. with other chemicals 
in the environment. Many pesticides used in fish and 
wildlife management, such as piscicides, aquatic 
herbicides, insecticides to control disease vectors, 
lampricides, molluscicides, and various other animal 
control agents, need to be more thoroughly investi- 
gated. These materials do not have a large volume 
of use. Thus, the chemical industry does not have an 
incentive for their development. A good example is 
the effort that will be required to generate data for 
registration and establishment of a residue tolerance 
for a lampricide needed to save the recreational and 
commercial fisheries of the Great Lakes. 

Funds (in millions of dollars) expended by DOI 
for pesticides research during fiscal year 1969-71 are 
as foIlowB: 



longed exposure. In addition, extensive activities are 
carried out in both the intramural and coUnborativc 
research areas on thfc molecular events leading to the 
carcinogenic state which bear on the problems of 
pesticide toxicity*. 

The Food and Drug Administration (FDA) re- 
search on pesticides is designed to support and 
strengthen the establishment and enforcement of 
pesticide tolerances. Chemical research on pesticide 
residues in food includes chemical identity of the 
residue; developing, improving, and validating analy- 
tic methodology; and occasional checking of the 
validity of data submitted iii petitions. ; 

FDA's biological research includes the physio- 
logical effects and metabolism of pesticides in biologi- 
cal systems and an evaluation of their effects in 
terms of toxic action; toxicity studies to determine 
safe tolerance levels; and development of data on the 
direct effect of pesticides on man. 

Funds (in millions of dollars) expended by HEW 
for pesticides research during fiscal year 1969-71 are 
as follows: 



1969 
2.40 



1970 
2.40 



197! 
2. GO 



1969 
6.10 



1970 
5.30 



1971 
5.00 



Department of 

Health, Education, and Welfare 

The medium polluted may be water, air, or land, 
or a combination. Pesticide research projects are 
designed to obtain data for developing criteria to 
establish sound, acceptable standards of food safety 
and environmental quality. Pesticide research is sup- 
ported to acquire information on the potential human 
health hazards of these chemical agents and to evalu- 
ate pesticide control methods to obtain optimum 
effects on target organisms with minimal hazards to 
nontarget organisms. 

The National Institute of Environmental Health 
Sciences assesses the acute and chronic toxic effects 
of pesticides in the general population, studies me- 
tabolism of pesticides and their conversion products 
using animal experimentation, and conducts studies 
on prediction of toxicity in man. The pesticides re- 
search program includes studies on the basic mecha- 
nism of action, detoxification, fate of pesticidesi 
effects on reproductioui and analytical methodology. 

The National Cancer Institute has a sizable pro- 
gram of chronic toxicity testing on pesticides which 
is conducted by the carcinogenesis area. This ac- 
tivity is designed to identify those materials which 
produce carcinogenic effects in animals after pro- 



PLANT NUTRIENTS 

Department of Agriculture 

Agriculture's primary commitment is to the pro- 
duction of adequate food and fiber for our needs. 
Production efnciency is enhanced by practices that 
increase the net return to the farmer per unit of 
input. The use of commercial fertilizer is an effective 
method of increasing net return to the farmer. Most 
operators receive a good return for each dollar spent 
on plant nutrients. 

Even though the use of nitrogen and phosphate 
has increased tenfold in the United States during the 
past 23 years, rates now used on most crops are below 
those needed for maximum yields. The knowledge 
of soil fertility, accumulated over many years, gives 
little insight into surface- and ground-water pollution 
from fertilizer use. 

Attempts to assess the effluents originating on 
fertilized watersheds have been frustrating because 
of the difficulty of separating the fertilizer component 
from the contamination from livestocki organic mat- 
ter, mineralizationi and urban septic tanks. 

Funds (in millions of dollars) expended by USDA 
for plant nutrient research during fiscal year 1969-71 
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arc as follows: 



Department of Agriculture 



1070 l{i7t 
2/X\ 2.:}S 2.00 



SALINITY 

Department of Agriculture 

Waters used for irrigation contain from a few 
hundred pounds to several tons of salt per acre-foot. 
Salt damage to soils and crops is a major problem of 
irrigated agriculture. Soluble salts are increasing in 
water used downstream as the irrigation of the Mid- 
west and West develops. On the Atlantic coast, 
supplemental irrigation is becoming a necessity for 
growers for vegetables and other high cash-value 
crops. Soil salinity of natural origin is also a problem 
in a large acreage of the Great Plains. 

In 1960| a survey showed that 30 percent of the 
irrigated land contained enough salt to require 
leaching for sustained production. Leaching can be 
accomplished, but there is evidence that more water 
is being used for this process than would be required. 

Cropping, tillage, and mulching practices have 
been developed for minimizing the salinity problems 
in the Dakotas. Very little is knovvn, however, con- 
cerning the management of shale soils in Montana 
and Wyoming. 

Funds (in millions of dollars) expended by USDA 
for salinity research during fiscal year 1969-71 are as 
follows: 

tm . 1970 1971 
0.76 0.80 0.85 



SEDIMENT 
Corps of Engineers 

Sediment studies include the collection of sus- 
pended and bed load data, degradation data^ aggrada- 
tion and delta formation, investigations of sediment 
transport, and basic laboratory studies. One major 
effort is an interagency project for measuring and 
analyzing sediment load in streams and for develop- 
ing new sediment sampling equipment. 

Funds (in millions of dollars) expended by CE for 
sediment research during fiscal year 1969-71 are as 
follows: 

1969 1970 1971 
0.10 0.12 0.13 



In tonnage, sediment is still the principal pollutant 
in the world today. This problem arising from sheet 
and gully erosion, is responsible for the establish- 
ment of the Soil Conso'-vation Service. 

On the order of 4 billion tons of sediment are car- 
ried away by runoff and streamflow each year in the 
United States. Sediment is usually a liability. Spe- 
cific efforts to reduce or manage its adverse effects 
are usually required for water and related land re- 
.source development. 

. Sediment yield from a watershed is a function of 
the amount of ero;$ion in a watershed and the effi- 
ciency of the stream in transporting erodCtl material 
away from the watershed. Composition of sediments 
varies widely. Methods for relating sedin'?nt quanti- 
ties and characteristics to source areas are lacking. 
The relationship between physicochemical properties 
of sediment and their influence on water quality and 
aquatic environments is unknown. 

Methods for determining sediment yield by ob- 
taining the difference between erosion and deposition 
are not satisfactory'. Sediment delivery ratio values 
developed from reservoir surveys are expensive and 
provide only crude estimates. The rate and quantity 
of movement in channel beds are generally developed 
from mathematical equations, which frequently give 
widely differing results from the same set of condi- 
tions. Alternative methods for determiiung and pre- 
dicting sediment yields are being conducted. The 
development and utilization of mathematical and 
physical models to determine sediment source, dis- 
pemon, and yield appear to offer promise. 

Funds (in millions of dollars) expended by USDA 
for sediment research during fiscal year 1909-71 are 
as follows: 

1969 1970 1971 
3.03 3.15 3.37 



SOLID WASTES 

Tlie solid wastes included in this section include 
primarily mining wastes, junk and urban refuse, and 
munitions. Some agricultural wastes are also 
included. 

Department Of Agriculture 

USDA is working jointly with DOI and EPA on 
methods of recycling wood fibers present in municipal 
rubbish. 



Ways arc being sought to utilize wood wastes de- 
veloped during logging and manufacture of wood 
products, dliemicals, paper pulp, particle board, and 
cattle feed/ are potential solutions. Logging wastes 
can be miiiimized in southern pines by genetic selec- 
^ tion to produce trees with straight steins and resist- 
ance to fusiform rust canker disease. 

The development of methods and facilities for 
handling, reclaiming, and disposing of farm animal 
wastes without environmental pollution is of para- 
mount concern. An oxidation ditch has been operated 
one full cycle — from startup to cleaning. Runoff 
from open feedlots of varying slo)>es has been meas- 
ured and the pollution potential evaluated. Some 
information has been collected on the contribution of 
animal wastes to air pollution. Analysis of soih vm^Iow 
a level feedlot indicated only minor movement of 
nitrates downward in the soil. Research is underway 
to convert animal wastes to useful products. Return- 
ing manure to the land as fertilizer requires investi- 
gation, particularly the efTect* of heavy and frequent 
loading. Data are needed to develop limits for a wide 
range of crop plants. 

Plant breeders of fruits and vegetables are select- 
ing for factors that will reduce processing wastes. 
For example, new tomato varieties developed for 
mechanical harvesting have less processing waste. 
By processing toQiatoes in the field with portable 
equipment, processing wastes can be left on the soil 
for recycling after harvest is completed. Many proc- 
essing byproduct'i can be economically recovered and 
directed to other uses. 

Cycling of organic matter in soil produces by- 
products that may help control plant disease orga- 
nisms. Thus, recycling of crop residues may serve a 
dual purpose. 

Processing wastes, such as corncobs, grain straw, 
rice hvUs, bagasse, and beet pulp, have been tested 
for disposal on laud. The maximum amounts that 
can be disposed oi without injury to a succeeding 
crop need to be determined for various soil types. 
Cultural practices may facilitate degradation. 

Funds (in millions of dollars) expended by USD A 
tor solid wast*: research diu'ing fiscal year 1969-71 
are as follows. 

1969 1970 1971 
1.42 1.65/ 2.20 

Department of Commerce 

DOC is studying the degradation of polymers, 
corrosion of metals in natural environments, and the 



chemical analysis of inetal mixtures timt are poten- 
tially iniix)rtant to the design of recycling schemes. 

Funds (in millions of dollai-s) expended by UOC 
for solid waste research during fiscal year 1969-71 
are as follows: 

lOGi) 1070 W71 
O.IO 0.20 0.20 

Department of Defense 

^i^DOD is studying improved methods for disposal 
of such pollutants as deterioratfid explosives luid 
explosive-contaminated waste froni munitions pMnts. 
A new type of incinerator is being developed using 
s^-nd to dilute the explosive contaminant of waste 
material and to absorb any small explosions that 
may occur during incineration. Improved chemical 
methods of explosive disposal and lead azide degrada- 
tion are being studied. 

Funds (in millions of dollars) expended by DOD 
for solid waste research during fiscal year 1969-71 
areas follows: 

1969 'iifi i971 
0 O.IU 020 

Department of the Interior 

Junked cars are a problem of major importance. 
During 1969, 7 million cars were scrapped in the 
United States, and about a 20 million backlog still 
awaits scrapping. The organic nonferrous constitu- 
ents are most easily removed by incineration. Inten- 
sive investigation is underway on the recovery of 
individual nonferrous components. A major potential 
use for auto scrap is as a reductant for nonmagnetic 
iron ore. A method has been developed for the de- 
structive distillation of tires to produce gaseous, 
liquid, and solid fractions, all of which are market- 
able. A pilot plant for such an operation has be&n 
constructed. Attention is being given to finding other 
uses for both the organic and ferrous fractions of 
junked cars. 

Urban refuse collected by municipalities totals 
about 1 ton per capita per year. This refuse includes 
about 11 million tons of ferrous scrap, 1 million tons 
of nonferrous metal, and 15 million tons of glass, 
among other materials. A successful process has been 
developed whereby incinerator residues are separated 
into iron concentrates, clean nonferrous composites, 
clear and colored glass fractions, and fine carbonace* 
ous ash. 

Waste plastics can be converted by pyrolysis to 
gases, oils, and char. Additional improvements are 
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needed in the separation process and in coiivcrsioii 
to use products.^ 

During the past 30 years, over 23 bilhon tons of 
soUd wastes have been generated in the United 
States by mineral and fossil fuel mining, milling, and 
processing. Over 7,000 square miles of land surface 
are essentially useless beeausc of these barren waste 
pile They are potential air and water pollutants. 
Stabilization of the w'aste piles to minimize pollution 
of other media offers the only praetical solution, 
Chemieal stabilization is possible, but vegetative 
stabilization is more attractive and promising. Some 
mineral writes ean be recycled. Additional research 
is needed on revegetation of waste piles and on 
utiiL-^ation of certain fractions that are now wasted. 
Particularly valuable are nonferrous metals sueh as 
titanium. 

Fuiids (in millions of dollars) expended by DOI 
for solid NNtiste research during fiscal year 1969-71 
areas follows: 

1969 1970 1971 
4.40 4.90 4.59 



Department of Transportation 

DOT supports specific studies through the Federal 
Highwtty Adnunistration with the specific objective 
of utilizing solid waste materials, such as fly ash, as 
constituents of highway construction materialsy and 
possible recycling of highway-generated litter. 

Funds (in millions of dollars) expended by DOT 
for solid waste studies during fiscal year 1969-71 are 
as follows: 

1969 1370 1971 
0.01 0.01 0.01 



Envf ronmental Protection Agency 

Of the approximately 20,000 land disposal sites in 
the United States, less than 6 percent meet minimal 
criteria for sanitary landfills. Projects that affect 
land esthetics or improve its use are considered in 
this program. The purpose of R. & D. is to increase 
land value after its use as a sanitary iandSH. Feasi- 
bility has been demonstrated for use of abandoned 
strip mines for sanitary lanHfilU and for use of sani- 
tary landfill to prevent enMion. Above grade sanitary 
landfjUs can be developed into recreational and other 
public i&e sites. 

PmjectB are being conducted to improve the tech- 
nology of recycling wastes and disposing of hasardous 



materials. The Resource RcrovorN* \v\ of 1070 calls 
for four basic tasks: (1) .Moans of recovering ma- 
terials and cncr>?y from solid waste, rocommciulpcl 
use of recovered material or oncrjjy, identification of 
potential markets, and the olToct of the recovpi-ed 
product on these markets: (2) chauKos in current 
product characteristics and production and packag- 
ing which would reduce the amount of solid waste; 
{'}) method*? of collection, separation, and containeri- 
zatiou which will encourage efru*icnt utilization of 
facilities and contribute to more efTectiveproj^ramsof 
reduction, reuse, or disposal of wastes; and (4) alter- 
native methods of stimulating recyclinj?. As a part of 
the effort on waste disposal, a national disposal sites 
plan wiW he developed in 2 years to accomplish the 
storage and disposal of hazardous wastes. 

Funds (in millions of dollars) expended by EPA 
for solid waste research during fiscal year 19G9-71 
are as follows: 

1969 1070 1971 

8.10 8.00 11.40 

National Science Foundation 

NSF is involved in systems studies of solid waste 
disposal. Emphasis is placed on benefit-cost models 
of waste disposal systems and di.M)osal of household 
ft-astes. 

Funds (in millions of dollars) expended by NSF 
for solid waste research during fiscal year 1969-71 
are as follows: 

1969 1970 1971 

0.10 0.30 0.4') 

Tennessee Valley Autliority 

TVA does not expend funds for R. & D. in solid 
waste disposal. They do, however, cooperate closely 
with other agencies. 

Following initial studies by TVV in the early 
sixties, the U.S. Public Health Service, in coopem- 
tion with TVA and Johnson City, Tonn., built a 
demonstration compost plant for treatment of muni- 
cipal garbage, refuse, and sewage sludge. TVA now 
operates this plant for EPA on a reimbursable basis. 
Results from the operation of this plant have in^ 
eluded: (1) An economic evaluation of plant opera- 
tions for windrow composting as a method of disposal 
of solid wastes, (2) development of windrow design 
and composting time, (3) determination of pathogen 
survival in composted refuse-sludge mixtures, and 
(4) demonstration of the uses of compost. 
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RADIATION 

Radioactive wastes are a land pollutant of con- 
siderable signifieanee. The R. & D. underway by 
AEC and EPA as it relates to land quality is dis- 
cussed fully in the chapter on special studiw;. 



THERMAL 

Research devoted to thermal pollution of land 
eould not be separated from other thermal pollution 
studies. Consequently, there can be no discussion or 
fiscal breakdown for the research being conducted. 
It is recognized, however, that much of the basic 
research being done on heat transfer by NASA, AEC, 
USGS, TVA, Office of Saline Waters, and other 
Federal agencies could be applied to thermal pollu- 
tion problems on land. ^ 

OTHER (UNCUSSIFIED) 
LAND QUALITY RESEARCH 

Department of Agriculture 

Research on seveml programs affecting land qual- 
ity could not reasonably be classified elsewhere.. 
These include studies to develop methods for con- 
trolling wind erosion by agricultural management 



practices, vegQtative cov^^r crops, and tree or crop 
barriers. Research is also underway to determine the 
effects of varioMs pollutants on manmade structures 
and devices, for example the effects of sillation on 
dams and reservoir capacity. 

Funds (in millions of dollars) expended by USD.V 
for other (unclassified) studies during fiscal year 
1969-71 are as follows: 

6960 1970 1971 

1.32 1.32 1.50 



National Science Foundation 

The research involves investigations of the break- 
down of materials such as lignins and the fixation of 
various chemicals through the metabolism of micro- 
organisms. Fixation studies have dealt particularly 
with iron, nitrogen, phosphate, and cyanide com- 
pounds. An understanding of biological processes in 
the breakdown of chemical compounds or the meta- 
bolic uptake of chemical compounds is critical to the 
more pragmatic investigations of pollution problems 
such as those resulting from industrial, animal, and 
human wastes. 

Funds (in millions of dollars) expended by NSF 
for other (unclassified) land quality research during 
fiscal year 1969-71 are as follows: 

1969 1970 1971 
0.60 0.59 0.69 
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APPENDIX 4 



Understanding, Describing, 
and Predicting 
tlie Environment 



Funding of & D. pertaining to understanding, 
describing, and predicting the environment for fiscal 
years 1969, 1970, and 1971 is reported in table G 
(p. 146). 



ECOLOGY AND RELATED RESEARCH 

Corps of Engineers 

Terrestrial and marine ecological systems of vari- 
ous geographic regions are investigated to determine 
the impact of engineering works and to develop 
technology and methodology for minimizing environ- 
mental damage but permitting national economic 
growth. 

Biological and ecological research will provide an 
improved understanding of the effects of CE's activi- 
ties upon the total environment of coastal areas, 
especially the vast complex of highly sophisticated 
and intricately interrelated ecological systems that 
provide benefits to man in the form of harvestable 
fishery resources and recreational opportunities. 

Studies are carried out on water quality in reser- 
voir releases and impoundments. Fisheries engineer- 
ing investigations are imdertaken to fill voids in 
fisheries information needed for water resource pro- 
jects. This program is aimed at improving the effi- 
ciency of fish collection and passage sjrstems at 
existing and new dams, to learn more about the 
response of fish to changed conditions. 

Increased flow of water from the Chesapeake Bay 
to Delaware Bay resulting from the channel enlarge- 
ment has raised ecological questions that are under 
study* The Chesapeake Bay Basin Study was funded 
for S1.3 minion for fiscal year 1971. 



Ecological studies are underway on the effects of 
offshore engineering works and coastal works, the 
dyrtimics of inlets and estuaries, and special studies 
on uSe Louisiana coast. New York Bight and offshore 
dumping, the Tennessee-Tombigee Waterway, pollu- 
tion of the Texas gulf coast, a study of the North- 
eastern United States water supply, the North 
Atlantic regional water resources, a special study of 
the south end of Lake Michigan, and a San Francisco 
Bay and Sacramento-San Joaquin Delta waste water 
management investigation. 

Funds (in millions of dollars) expended by CE on 
ecology and related research during fiscal year 1969- 
71 are as follows: 

1969 1970 1971 
3.30 4.20 5.80 

Department of AgricuHure 

The USDA ecological and environmental research 
defines, measures, and interprets ecological relation- 
ships important to environmental quality and human 
welfare for many forest, range, and \vildland vegeta- 
tional t3rpes throughout the United States. Much of 
the research seeks to establish the structure, de- 
velopment, and functioning of forest and range eco- 
systems as a basis for formulating management 
principles and cultural practices. Research rang^ 
from determining the biological bases of productivity 
and the nutrient and energy relationships in forests 
and grasslands to the role of fire in the origin and 
perpetuation of vegetational types and the stability 
of wildland ecosystems under recreational use. Other 
research explores the autecology of forest and range 
species, for example, the silvical characteristics, re- 
production, and growth of important forest tree 
spedes, the ecology of insects and diseases as a basis 
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for control of pests, the ecolog>- of rangclaud grasses, 
foraRe, and brush, and ecological principles for re- 
habilitation of eroded lands. Results of this research 
arc being applied in the management of forests and 
grasslands and in tViC development of criteria and 
meU|0(ls to preserve fragile ecosystems and reverse 
deterio?Itt4aQon abused sites. However, the struc- 
ture and respoifeejU^alteration of many ecosystems 



minimize deleterious effects and maximize enhance- 
ment effects. Prcproject ecological and environmental 
studios are made in typical areas. Studies are con- 
ducted for periods sufficient to establish the effects 
that have been created by the project. The program 
includes design ami field-respon.se studies of csthet- 
ically more pleasing transmission facilities and loca- 
tions for electric power fac-ilities to provide much 



are poorly understoodTTttmjftgemcn^ ^ore acceptable structures and good public accept- 

prescrving and improving the environment while 
supplying humcn needs are correspondingly tenuous. 

Much research is needed to clarify interrelation- 
ships among native and introduced plants, animals, 
birds, insects, fungi, and micro-organisms. These 
interrelationships are multitudinous and complex 
and are made more so by differences among ecosys- 
tems and differential response to environmental 
frctors such as wind, fire, temperature, precipitation, 
and man's activities. 

Funds (in millions of dollars) expended by USDA 
for ecology and related research during fiscal year 
1969-71 are as follows: 



1969 
3.81 



1970 
4.17 



1971 
6.48 



ance of the structures. It is planned to evaluate one 
type of fish's protective facility for its eR*ectiveness 
in keeping fish out of an outlet works. Also, studies 
of environmental eR*ects of waste water treatment 
facilities will be made to evaluate the impact of 
projects and to develop guidelines for future treat- 
ment projects. In addition, a research contract is 
underway to evaluate the ecological and environ- 
mental aspects of water resource planning. Other 
studies are planned to expand and to test the new- 
value systems and criteria expected to result from 
this contract. 

Funds (in millions of dollars) expended by DOI 
for ecology and related research during fiscal year 
1969-71 are as follows: 



Department of Defense 

A study defining the environmental factors of 
world desert areas has been completed and studies 
on the ori^n, distribution, frequency, and duration 
of sand and dust storms have been initiated. Terrain 
design criteria have been developed. Studies of the 
effects of chemical testing upon the ecology of regions 
adjacent to testing sites have been conducted for 
several years. Ecological baseline data have been 
gathered on areas in Maryland and Utah. 

Short-rang^ plans are to continue studies at the 
current level. Long-range plans depend upon the 
results of current studies, the level of testing neces- 
ffltated in the future, and requirements for develop- 
ment of area environmental studies. 

Funds (in millions of dollars) expended by DOD 
for ecology and related research during fiscal year 
1969-71 are as follows: 



1969 1970 
4.10 4.00 



National Science Foundation 



1971 
0.90 



1969 
0.40 



1970 
0.70 



1971 
0.50 



Department of the Inttrior 

The DOI's Bureau of Reclamation supports re- 
search on the effects of water projects and water 
management operations on the overall environment 
and ecology of an area, to provide information that 
can be used to structure the projects in ways to 



Ecology research is supported in the General Ecol- 
ogy (GE) and Ecosystems Analysis Progranw, (EAP), 
formerly the Environmental Biology Program, 
(EBP), under which support for the International 
Biological Program (IBP) was included in fiscal year 
1969. In fiscal year 1970, the EAP was initiated to 
handle the IBP, which received a considerable fund 
increase. Research under the IBP includes the 
analysis of ecosystems studies that are conducted 
under biome projects. At present, research is being 
conducted in the various biomes: Grasslands, desert, 
deciduous forest, coniferous forest, and the wet 
tundra in Alaska. This research will contribute to the 
understanding of how ecological systems operate to 
both short-term and long-term processes. Systems 
disturbed by man to varying degrees are included. 
Several other areas are being studied as integrated 
research projects: The origin and structure of eco- 
systems with several subprograms including Hawaii 
terrestrial biology; the conservation of ecosystems; 
biological control; and the biological production in 
upwelling ecosystefns and marine mammals. Re- 
search results will provide further understanding of 
the biolo^cal processes in these various areas. 
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The ecosystem analysis program also supports 
various studies on nutrient cycling in watersheds, 
research on freshwater and thermal springs ecosys- 
tems, and on wet and dry tropical forest ecosystems. 

Research in general ecology* concerns small ecosys- 
tem studies, structure and dynamics of communities 
and populations, paleoecolog}', biogeochemistry, 
eeophysio1og>*, Iimnolog>', plant and animal ecologv', 
host parasite relationships, and behavior and orienta- 
tion. Research training grants in ecology*, as well as 
operational support of inland field stations, ph>*to- 
trons, and biotrons, arc funded. 

S^'stematic biology projects supported by the NSF 
include studies of various organisms under diverse 
ecological conditions. Geography, ecologic and sea- 
sonal distribution, life histories, and habitats are 
considered. A better understanding of evolutionary 
relationships may produce greater understanding of 
interspecific competition for limited ecological niche 
space. 

Psychobiology research in this categor>' includes 
behavior and ecolog}' of various anim'Js and the 
effect of the environment (natural wild lond'Mohs) 
on brain and behavior of rodents. Thermal adapta- 
tion of certain animals is studied, as well as research 
on migratory Atlantic salmon and American eels to 
explain the spectacular homing migration. 

Research conducted under the research applied to 
national needs (RANN) program includes projects 
which are establishing environmental baseline data 
for broad ecosystem studies of specific regions such 
as -the Chesapeake Bay. Research in progress in- 
cludes projects concerned with environmental 83^8- 
ten\s in the Tennessee River Valley, the Lake Tahoe 
area of California, and the Big Sky Region of Mon- 
tana. The projects supported under the RANN pro- 
gram range in geographic size from regional to local. 

The engineering sciences support theoretical and 
computational investigations of aspects of on-line 
direct digital control of reaction and environmental 
systems. Research is conducted on water flow, water 
tables, and hydrodynamics of watershed flow, ground 
^ater seepage problems, and pressure fluctuations in 
the vicinity of dams. 

A theoretical study of the coastal boundary layers 
in a larg^ lake, as well as the dynamics of ice-covered 
streams, and enpneering and economic aspects of 
large continental droughts are under investigation. 

Funds (in millions of dollars) expended by NSF 
for ecology and related research during fiscal year 
1969-71 are as follows: 

i969 1970 1971 

10.80 12.01 14.32 



Smitl|$onian Institution 

Biological and physical studies are carried out in 
collaborative, integrated research projects that will 
permit the evaluation, and uhimately the prediction, 
of environmental change. 

The SI is using its large collections of plants and 
animals of the world, with detailed distribution and 
abundance data as a basis for an effective environ- 
mental monitoring system. The programs underway 
include: The Museum of Natural History develops 
critical environmental base line data on the abund- 
ance and distribution of plants and animals in relation 
to modification of the environment by man, and 
identifies bioassay and bioindicator organisms for 
monitoring the environment. The National Zoologi- 
cal Park carries out research on breeding and preser- 
vation of rare and endangered species of animals, 
and research on reproductive physiology' and be- 
havior of various animals. The Smithsonian Tropical 
Research Institute studies the abundance, distribu- 
tion, and adaptations of tropical, terrestrial and 
marine plants and animals and studies effects of man- 
made change, effects of oil spills, and potential 
effects of a sea-level canal. The Radiation Biology 
Laboratory studies regulatory and other effects of 
light cycles on growth and development of organisms 
(primary productivity), photosynthesis, and bio- 
chemical and periodic response to light, and measures 
solar radiation. The Office of Environmental Sciences 
studies ecological consequences of man's technologi- 
cal developments on the environment and biological 
organisms, and ecosystem and community action 
study of a waten>hed for planning and predicting 
development of a megalopolis, and cooperates with 
and assists international programs and explorations. 
It also studies pollution problems and maintains 
sorting centers for marine biological organisms. 

Funds (in millions of dollars) expended by SI for 
the ecolo^j^ and related research during fiscal year 
1969-71 ar«^ as follows: 

1969 1970 1971 
2.90 6,70 7.50 



ENVIRONMENTAL OBSERVATION AND 
MEASUREMENT TO DESCRIBE 
AND PREDICT WEATHER 
AND OCEAN ACTIVITY 

Corps of EHilMirs 

The CE studies wind-wave relationshipsi wave 
activitiesi stonns, general hydrology, and streamflowi 
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and rainfall data as they affect design criteria and 
construction technolog>' in the coastal zone and 
inland.. 

The wind-wave action in coastal waters is studied 
to gain an improved understanding of the character- 
istics of ocean surface wind waves, their generation, 
propagation, transformation, breaking, and action on 
shores and shore protection. I/)ng period waves and 
surges are studied to provide an improved under- 
standing of the characteristics of long waves, par- 
ticularly sieches, storm and hurricane surge, and 
tsunamis. In storm studies, data are accumulated on 
the moat important past and current storms to evalu- 
ate flood-producing potentialities of river basins as 
related to the accomplishment of the civil works 
mission. General hydrologic studies include hydro- 
logic analysis of rainfall-runoff relationships, snow- 
melt studies, flood forecasting, analysis of past 
floods, infiltration indices, unit hydrographs, de- 
velopment of flood hydrographs, and other studies of 
related hydrologic nature. 

The research is conducted to gain an improved 
understanding of the processes involved in the inter- 
action of the natural shore with the wind, wave, tide, 
current, and surge forces imposed upon it; arid the 
reaction of the shore and shoreHne to these forces 
and processes. 

Data are obtained on environmental factors re- 
lated to coastal engineering. This includes waves, 
water levels (with regard to storm surges), Httoral 
materials on the beaches, suitable sand sources for 
beach replenishment, and rates of littoral material 
movement, quantity and characteristics of material 
made available to the shore area (whether by streams 
or shore or bluff erosion), and the economic life of 
various construction materials. 

Assessment of beach and shore erosion problems 
is being made to appreciate the Nation's erosion 
problems considered in conjunction with economic, 
industrial, recreational, agricultural, navigational, 
demographic, ecological, and other relevant factors. 

Funds (in millions of dollars) expended by CE for 
environmental observation and measurement to de- 
scribe and predict weather and ocean activity during 
fiscal year 196&-71 are as follows: 



1969 
2.00 



1970 
2.30 



1971 
2.40 



Dapvtmeirtof AgrlCQitiirt 

Objectives of USDA's research are (1) to measure, 
interpreti and develop prediction methods for the 
efiFects of weather on forest fire dangpr and fire be- 



havior and (2) to compile, interpret , standardize, and 
summarize climatological data correlated with plicno- 
logical information for agricultural use. Relation- 
ships between weather and fire are incorporated into 
fire danger indexes and used to predict forest fire 
behavior. Weather data are used to derive probabili- 
ties of rainfall amounts, wet-dry days, and growing 
degree days for correlation with crop growth stages 
and maturation. 

Wind flow in mountainous terrain critically affects 
fire danger and behavior, but measurement, correla- 
tion, and prediction methods remain to be developed. 
New techniques of analysis for spatial and temporal 
distribution of climatic elements are being devised, 
as well as models to incorporate climatic information 
into agricultural decisionmaking and means to deline- 
ate atmospheric conditions conducive to air pollution. 

Funds (in millions of dollars) expended by US DA 
for environmental observation and measurement to 
describe and predict weather and ocean activity 
during fiscal year 19G9-71 are as follows: 



196!f 

o.go 



1970 
1.00 



1971 
1.02 



Department of Commerce 

Atmospheric environment. The National Oceanic 
and Atmospheric Administration (NOAA) in support 
of its environmental services and research missions 
conducts a program of research that includes nearly 
all aspects of the atmospheric sciences. The research 
is conducted primarily through NOAA's Environ- 
mental Data Service, Environmental Research 
Laboratories, National Weather Service, and Na- 
tional Environmental Satellite Service. 

The world weather program R. & D. activities 
planned by NOAA focus on systems design and 
technological developments for both the global at- 
mospheric research program (GARP) and the World 
Weather Watch. GARP is an international effort 
designed to further the understanding of atmospheric 
processes necessary to develop capability in long- 
range weather prediction. The program consists of 
two major parts — (1) theoretical research on atmos- 
pheric ph^cal processes and (2) supporting field 
experiments to provide the necessary understanding 
of how energy is exchanged between the atmosphere 
and oceans at the air-sea interface. The understand- 
ing of how small-scale processes can be incorporated 
in the terms of large-scale measurements of the at- 
mosphere is essential in the development of the 
capability for long-range weather prediction. 



ERIC 
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The Geophysical Fhiid Dynamics Laboratory is 
conducting research in theoretical modeling of atmos- 
pheric and oceanic processes and dynamics, and in 
computational simulation of their characteristic be- 
havior and phenomena. The range of predictability' 
of midlatitudo, larg(»-.scalc storms beyond one week 
will be (»xtondod. Global prcniiction oxporimcnts to 
study tho coupling between tho homisphoric cir- 
culations and th(» roh* of the tropics will be performed. 
Increased sophistication of models and their growing 
fidelity and similitude to the actual atmosphere and 
oceans have indicated several potential application 
areas including long-range weather and oceanic pre- 
diction, the large-scale, long-term dispersion of 
pollutants in the atmosphere and the oceans, and an 
assessment of the feasibUity of intentional modifica- 
tion of climate and its inadvertent modification due 
to human activity. 

Research on hurricanes and other tropical circula- 
tions, and severe local storms, such as thunderstorms, 
tornadoes, and associated phenomena, is conducted 
to acquire greater knowledge of these storms for 
developing techniques of detecting, forecasting, and 
modifying. Studies of tropical cyclone genesis and 
maintenance will be accelerated through develop- 
ment of improved dynamical-numerical models of 
tropical circulations and hurricanes. 

Integrated field experiments employing several 
newly developed remote sensing techniques will re- 
ceive increasing attention during fiscal year 1972. 
The International Field Year on the Great Lakes 
(IFYGL) will provide an excellent opportunity to 
compare atmospheric data taken by various remote 
sensing and standard in situ techniques. The lead 
agency responsibilities were assumed by NOAA con- 
current with the recent transfer of the Lake Purvey 
to NOAA from the CE. The IFYGL which is i: joint 
Canadian-U.S. program for increasing our under- 
standing of the water problems of Lake Ontario and 
its basin, includes four projects: Lake meteorology^, 
energy balance, terrestrial water balance, and water 
movement. 

R. & D. at the National Meteorological Center is 
primarily directed toward improving the short, ex- 
tended and long-range forecast products. The two 
main activities concern numerical weather prediction 
that is a deterministic approach through physical 
realism of mathematical models^ and long-range pre- 
dictioni that is a systematic application of physical 
and statistical methods and models. 

The climatological research program will continue 
the development of an environmental data index 
(ENDEX) to facilitate ready access to available 



climatic and other data. Studies of long-term clianges 
in national and world climate will contimie by using 
any newly acquired measurements from global 
benchmark stations. Satellite-based wcalher observa- 
tions will be related to ground truth data in an effort 
to optimize eventual applications of earth resources 
satellite information. 

Upper atmosphere nnd s^pacc, —'SOW conducts a 
research program in aerononiy to increase the umler- 
standing of the solar-terrestrial environment, and to 
develop techniques for the forecasting of solar dis- 
turbances and their subsequent effects on the earth 
environment. Investigations into the ionospheric 
physics will use new approaches and exploit recent 
significant results. 

In geomagnetism, a study of the atmospheric cur- 
rent systems resulting from tidal effects on the atmos- 
phere in the presence of the geomagnetic field will be 
initiated. 

Theoretical and experimental studies concerning 
the transport of energ\' released by the sun and 
propagated through the interplanetary medhim to 
the vicinity of the earth will continue. Theoretical 
models of energj- transport will be tested with data 
obtained from new experiments. 

Environmental satellite research. — In the environ- 
mental satellite program, emphasis on deriving and 
using quantitative information from data obtained 
by satellites will continue. Operational procedures 
for deriving winds from time-lapse cloud motion 
observations will be further developed and tested in 
preparation for the Geostationary Operational En- 
vironmental Satellite (GOES) system to be estab- 
lished late in fiscal year 1972. New projects to be 
undertaken will emphasize the application of satellite 
technology to improved services and support of 
marine, hydrolog}', and space disturbances programs. 
An increased effort is planned for 1972 in the develop- 
ment of satellite sensors needed to support geophysi- 
cal monitoring for climate change, and sensors to 
obtain measurements required in the marine environ- 
mental prediction programs. 

Marine enmronment. — To provide a proper tech- 
nological base for increased marine weather activities, 
a broad R. & D. program in marine weather has been 
conducted and a systems approach developed. In- 
vestigations of ship density have shown advantages 
from instrumenting additional merchant ships. 
Sensors capable of continuous operation in the harsh 
marine environment are being developed) particularly 
for use on buoys. 

Special attention has been given to the develop- 
ment of improved techniques for forecasting wave 



heights ill the open ocean, coastal wave heights and 
breakers, and waves on the CJreat I>:ikes. 

Ocennographic programs involve studies of the 
influences and interactions of the oceans with their 
physical environment, study of the CJulf Stream, 
extending the marine services and ap])lying knowl- 
edge gained to national needs for improvement of 
oceanographic terhni(|ues and instrumentation. 

An important factor, both to meteorology and 
oceanography, is the sea-air interaction between the 
oceans and atmasphere, involving a study of exchange 
processes of heat, moisture, momentum, and .mass. 
The program coiurists of develo]Mng better instru- 
ments and better mathematical models. 

The Great Likes research is aimed at a better 
understanding of the natural environment in the 
Great IJikes and connecting channels and at fore- 
casting the effects of manmadc changes. Tlie program 
provides information to be used in optimum manage- 
ment and development of water and land-related 
resources. The program includes studies on water 
motion, water characteristics, water quality, and ice 
and snow. 

Naiioml data buoy development projed — This 
project was established to carry out the development 
of a system of automatic ocean buoys for obtaining 
oceanic and atmospheric data. Wliile measurements 
of the oceans are available from satellites, ships, and 
aircraft, the need for more detailed data on environ- 
mental conditions over vast uninhabited marine 
areas has long been recognized. A network of auto- 
matic buoys throughout the ocean is a logical method 
to bridge this information gap. The data buoy pro- 
ject is developing and deploying a network of pilot 
oceanographic and marine meteorological data collec- 
tion buoys preparatory to a future decision to deploy 
an operational system. Central to the task is the 
compilation and analj-sis of interagency and extra- 
governmental requirements, including environmental 
studies; the analj-sis of costs, benefits and tradeoffs; 
and the development of improved equipment for 
reliable, accurate, unmanned buoy operation. 

Funds (in millions of dollars) expended by DOC 
on environmental observation and measurement to 
describe and predict weather and ocean activity dur- 
ing fiscal year 1969-71 are as follows: 

tm 1970 1971 

19.70 22.90 S-'loO 

DepirtmenlofDereim 

The DOD must at all times have the best weather 
information tcchnolopcally feasible to obtain. To 



pn)vide this constantly improving service, the Air 
Force sup|X)rts research efforts in the areas of weather 
forecasting and the development of improved sensors. 
Satellite weather forecasting is being investigated to 
obtain an automatic and (|uick response forecast 
svstem. Development of new instrumentation and 
techni(|ues to provide routine measurement of atmos- 
pheric parameters is being employed to increase the 
accuracy of prediction by improving the qiuility of 
the data base. Sensors are being developed to provide 
operational lightning warning. The Air Fon-e oper- 
ates the national clear air turijulence program and 
shares the national responsibility for hurricane re- 
connaissance. The Army determines the effects of 
atmospheric conditions upon transport, diffusion and 
the trajectory of aerosols, and detects contaminated 
air. The Navj- develops and tests methods and equip- 
ment to improve eflSciency and capability to collect 
oceanographic environmental data; increases the 
accuracy of oceanographic predictions which affect 
Naval operations; provides new means for data 
compilation and presentation to permit eariier and 
increased usage of data collected. The hydrographic 
survey and charting sj-stem increases the capability 
of collection of near-shore hydrographic data. Tlie 
funds for oceanographic instrumentation and equip- 
ment have been transferred to NOAA. 

A future project will be the bottom topographic 
survey system that will greatly increase capability 
for collection of bathymetric data from the deep 
ocean. Satellite technolog.v is also being developed 
for improved oceanographic surveys. 

Funds (in millions of dollars) expended by DOD 
on environmental observation and measurement to 
describe and predict weather and ocean activity 
during fiscal year 1969-71 are as follows: 

1969 1970 W71 

8. .50 13. S7 1.3:41 

Department of the Interior 

The U.S. Geological Survey (USGS) conducts re- 
search and develops opeational techniques for cal- 
culating the circulation of xoiXev and associated solids 
and solutes in estuar>- and lagoon waters from tide- 
stage and other data. USGS .makes geologic and 
hj-draulic studies of sediment movement into and in 
estuaries. In cooperation with States and other 
agencies, it maintains programs of measuring the 
amount and rates of fresh-water inflow and water- 
quality parameters. It also carries on an expanding 
program of monitoring the background xaiter quality 
within estuaries and similar coastal waters. 



USGS specifies equipment and techniques for pre- 
venting and controlling the pollution of ocean waters 
which can result from mineral operations. 

Funds (in millions of dollars) expended by USGS 
on environmental observation and measurement to 
describe and predict ocean activity during fiscal year 
1969-71 are as follows: 



1.69 



W70 
1.98 



!97! 
2.(m 



National Aeronautics and Space Administration 

NASA has an extensive meteorological survey 
program in cooperation with other Government 
agencies using earth orbiting and sj'nchronous satel- 
lites which gi\e continuous synoptic coverage on a 
hemispheric scale. These survey's show day and night 
cloud co\'er, distribution of surface temperature, cir- 
culation, turbulence of the atmosphere, some wind 
velocity and direction, fronts, and jet streams. Stud- 
ies are also being carried out on gravitational stabil- 
ity of large gas clouds. 

NASA's meteorological program (MP) has pro- 
vided the global monitoring capability that is essen- 
tial to increasing the accuracy and extending the 
time range and scope of weather predictions. MP 
also provides the basis for developing tools for assess- 
ing the effects of man's pollution of the atmosphere 
on the quality of our environment. The National 
Operational Meteorological Satellite System 
(NOMSS) developed and launched by NASA, sup- 
ports the U.S. ^-eather services. A development 
program is expanding the observational range and 
improving its coverage, accuracy, and reliability. 
Satellites of the TIRf«, T08, Improved T08, 
Nimbus, and ATS families have provided capabilities 
for observing i^-eather conditions and preparation of 
severe weather warnings, affecting the entire world. 

In the earth resources survey program, multispec- 
tral sensing is being developed and tested by using 
aircraft, preliminary to global satellite coverage. 
This development gives great promise to determining 
vertical temperature, moisture, pressure, and COj 
profiles, improved cloud cover and atmospheric cir- 
culation; and detailed mapping of air pollution. The 
budget figures include supporting research and tech- 
nology, spacecraft and hardware, but not launch 
vehicle costs. 

The NASA aeronomy program includes studies of 
the mesosphere and thermosphere, along with such 
phenomma as air^ow, atmmie, magnetic fields, and 
current systems in the ionosphoe. Altitudes of inter- 



est range from about ."K) to about 1,000 kilometers. 
The ex|x?rimental program employs soundiii); nu-kct 
and satellite measurements. The |)n))rram includes 
Tiros satellites. Nimbus satellites, and the Synchro- 
nous meteoroloj;ical satellite. None of the (\)sts of 
spacecraft, launch vehicles, or ground o|x?rations are 
included. The total costs are fiscal >ear 19(50, §00.80 
million, fiscal year 1970, S.">3.(30 million, and fiscal 
year 1971, -SGO.IO million. The cost of sup|)orting 
research and technolog}- and experiments is reported 
below. 

Funds (in millions of dollars) expended by X.VSA 
for environmental observation and measurement to 
describe and predict weather and ocean activity 
during fiscal year 19G9-71 are as follows: 



1969 
30.80 



1970 
30.00 



1971 
31.40 



National Science Foundation 

The goal of the NSF program in oceanographic 
research activities is to gain a better understanding 
of the sea and associated phenomena necessary to 
develop and use the vast resources of the sea. The 
ph}3ical oceanography program supports study of 
ocean-atmospheric interactions including air-sea ex- 
change of COi and 0, and its dependence upon 
currents, up\\-elling, photosynthesis, and so forth. 
Other studies include ocean currents, continental 
shelf circulation, and upwelling processes. 

The chemical oceanography program supports 
geochemical studies of the ocean and development of 
new techniques for in situ measurements of metals 
in the ocean. The Geochemical Oceans Sections Study 
measures oceanic constituents at all depths in the 
Arctic and Antarctic areas to study ocean mixing 
and organic productivity. 

Investigations of the biological components, to- 
gether with physical environniental studies, are pro- 
viding greater understanding of how the ocean 
functions as an ecos3'stem. Knowledge at this level 
of organization is vital, if we are to use the resources 
of the ocean wisely and to understand the effect of 
human activities on this environment. 

Research on the process and phenomena taking 
place in the ocean environment mcludes studies of 
the dynamics of the water masses including day-by- 
day and ycar4)y-year changes in temperatures, 
current flow, etc. The past history of the oceans, 
which is recorded in the ocean aedhnents and deep 
waters, g^ves clues to the changes that have occurred 
and are occurring. Part of the Foundation support 



105 



of occanographic research is devoted to the analysis 
of these deep waters and sediments. 

The NSF also gives emphasis to oceanographic re- 
search investigations concerned with the modes and 
energ>' content of internal motions of the ocean and 
to studies aimed at gaining a better understanding of 
the important exchanges of energy and material be- 
tween the ocean and the atmosphere. 

XSF is designated as lead agency for the United 
States involvement in the International Decade of 
Ocean Exploration, (I DOE). 

IDOE is an effort in which the United Si. >s and 
other participating nations will apply their comt 'ned 
resources to expand thdr knowledge of the earth's 
marine environment for their mutual benefit. The 
IDOE is an outgrowth of the realization that the 
future well-being of mankind will depend, to a largp 
extent, on our ability to expand the uses we make of 
the oceanr,. At the same time we must find ways to 
prr»tect the marine environment from the degrada- 
tion which modem technology has already wrought. 

Tlie program objectives for IDOE are to assess and 
monitor the ocean environment, improve environ- 
mental forecasting, expand seabed assessment activi- 
ties, improve worldwide marine data exchange, and 
increase opportunities for international sharing of 
costs for ocean exploration. In achieving these objec- 
tives, NSF utilizes the capabilities of academic 
institutions, other Federal agencies, and other quali- 
fied organizations. 

The objective of the Foundation's atmospheric 
sciences research program is the building of a base of 
new knowledge about natural phenomena and funda- 
mental processes taking place in the atmosphere. 
The results of this research will help man in his 
efforts to forecast the state of the atmosphere and 
ionosphere in advance and to eventually exercise 
some degree of control over atmospheric processes 
and weather. Atmospheric science research is con- 
cerned with aD aspects of the character and variations 
of solar energy and its transmission through inter- 
planetary space, reaction with ionized and neutral 
gases of the earth's atmosphere, and the atmospheric 
processes near and at the surface of the earth. Work 
underway in the ^obal atmospheric research program 
(GARP) and the weather modificatkm program bene- 
fits from the investigations supported by scientific 
research project support The FoundatioiMupported 
National Center for Atmospheric Research (NCAR) 
is a major fedfiiy that enhances the national capa- 
bility for both fandamental and applied atmospheric 
research. NCAR has hvSh a researdi program that 
coven the foil spectrum of phenomena that afect 



the earth's atmosphere and wliich constitutes a major 
part of the U.S. effort in atmospheric research. 

The objectives of this National Research Center 
arc to: (a) Improve our knowledge of the behavior of 
global atmospheric circulation to the point of being 
able to predict the large-scale features of the weather 
a week or more in advance, (b) Ascertain the fife- 
times of pollutants to the point of l)einK able to 
understand adequately both their local and world- 
wide effects, (c) Develop realistic mathematical 
models of convectivc clouds to the point of being 
able to predict the intensity of cloud buildup and the 
outcome of various weather modification techniques 
applied to ihe clouds, (d) Provide leadership in the 
atmospherie sciences including the provision of 
training opportunities for young scientists. 

Funds (in millions of dollars) expended by NSF 
for environmental observation and measurement to 
describe and predict weather and ocean activity dur- 
ing fiscal year 1969-71 are as follows: 

1969 1970 i97i 

10.01 11-70 17.00 

SmKhsonian InsBtirtioR 

The Smithsonian Astrophj-sical Observatory- 
(SAO) measures the solar radiation, the atmosphere 
composition and changes, the heat balance and heat- 
ing of the earth- Continual med&urement is required 
since the atmosphere is constantly chanpng from the 
influence of the earth beneath it and the solar radia- 
tion above it, with resultant effects on the earth's 
climate, both globally and locally. 

The SAO uses the same techniques developed for 
measuring satellite orbits by using its woridwide 
observing stations to monitor temperature and dens- 
ity variations in the upper atmosphere caused by 
solar activity. SAO also monitors the atmospheric 
composition through laser and photometric measure- 
ments of pollutants, such as water vapor and dust. 

Funds (in millions of dollars) expended by SI for 
environmental observation and measurement to de- 
scribe and predict weather and ocean activity during 
fiscal year 1969-71 are as foDows: 



1969 
1.00 



1970 
0-40 



1971 
0-40 



IMPACT OF ENVIRONMENT ON MAN 



The CE investigates enviromneiital vahiea as thqr 
affect the devdopment of ^wter r ea ou rces and thdr 
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interrelationships with man. Tliis includes recreation 
demand and esthetic evaluation. Systems analysis 
and operations research modeling techni({iies were 
developed and mathematical models were used to 
evaluate (1) the demand for various potential water 
resource uses to meet man's needs and (2) the rela- 
tionship between man's needs and impact on the eco- 
logical 8>*stems. 

I'^nids (in millions of dollars) expended by CE for 
im))act of environment on man during fiscal years 
19G9-71 are as follows: 



0.2U 



1910 
0.20 



VJ71 
0.20 



DapirtiMiit of 

HnNh, Education, and Welfare 

Tlie mission of HEW's Bureau of Community 
Environmental Management (BCEM) is the protec- 
tion of health and safety of residents of urban, sub- 
iirban, and rural settlements: in specific human eco- 
logical area^. The major focus is the development of 
means of maintaining or changing both the man-built 
physical surroundings and the attitudes and be- 
haviors of social environment that are appropriate 
to the healthful and safe use of built environment. 



The BCEAI has programs in three areas: (1) In 
human ecology research design*" 1 to ascertain the 
dynamics of health ecosystems, mc'uding both the 
physical and social environmental factors that affect 
changes in health status and morale. Such studies in- 
clude investigation of stressors in both the physical 
surroundings and . social environment of human 
settlements, under different dimatic conditions and 
under land use and population densities ranging from 
rural to congested urban* (2) Basic health and safety 
criteria research for standards of design, maintenance, 
occupancy, and use of residential and community 
recreatioDal environments, fbUonced by evaluative 
health and safiety research of devdopments built and 
used mider the guidance of such standards, (3) Ap- 
plied and evaluatien research and devdopment of 
community health environmental management sys- 
tems, induding public administration process and 
procedures, l^al rdationships and reqponsibilities, 
and community (M-ganisation and health education 
techniqaes, wfaidi lead to bettor private and public 
management as measured by health status change 
in ev&hmtkm of demouslration programa. 

The National Institute of Environmental Health 
Soence supports reaearA on the phen o mena aasDci- 



ated with the source, distribution, mode of entry, and 
the effects of environmental agents on biological 
systems through grants to tviiversities, research in- 
stitutions, and other public or private nonprofit 
institutions. 

Tliis activity supports the in-house research pro- 
grams, environmental health sciences at the National 
Environmental Health Science Center in the Re- 
search Triangle Park. Included are research efforts 
in cell biolog>-, pharmacolog>' and toxirolog>-, analy- 
tical and synthetic chemistry, )iophysics and bio- 
medical instrumentation, animal science and tech- 
nolog}-, pathologic psycholog\-, epidemiology, bio- 
metry-, epidemiologic pathology-, and scientific 
information, as wtH as the supporting services for 
these laboratories and branches. 

The carcinogenesis area of the National Cancer 
Institute bears responsibility for the planning, im- 
plementation and management of a coordinated re- 
search program on carcinogenesis by chemical and 
ph>-sical factors which it carries out both through a 
program of intramural research and tlc^ugh research 
contracts to universities and other research institu- 
tions. To meet this responsibility, it is necessary to 
devote a sizable portion of available resources to an 
attempt to identify those materials in man's environ- 
ment which produce cardnogenic effects in animals 
after prolonged exposure. 

The materials receiving greatest attention in the 
carcinogen^ bioassay program, which have not 
been discussed under air or land quality, fall into the 
following categories: (a) Pharmaceutical agents; (b) 
industrial chemical; (c) food constituents, additives, 
and contaminants; (d) natural products, particularly 
mycotoxins; (e) metals and metalloorganic com- 
pounds; and (f) tobacco and related products. An 
attempt is being made to acquire information on 
usage and to determine the feasibility of creating an 
information system which will assist persons re- 
sponsible for management of bioassay programs in 
making assessments of priority for testing. 
1 Funds Qn millions of dollars) expended by HEW 
on impact of environment on man during fiscal y^ears 
1909-71 are as foDows: 



1969 
27,30 



1970 
23.60 



1971 
24.60 



NSFs reseairii includes sodal sciences research 
with projects in anthropology and archeology, and 
social psychology. The archaeological research is 
being conducted in diverse geographical locations to 

107 



provide a scientitic study of material remains such as 
fossil relics, artifacts, ami monuments which illus- 
trate past human life and activities ami cultmc. The 
results of the anthropological research will be related 
to rhanging environmental and ecological conditions. 
In tlie ecosystem analysis program of the Interna- 
tional Biological Program, population genetics of a 
tril)c of primitive Indians is being studied to deter- 
mine (luestions of inbreeding levels, genetic drift, 
staliilizing selections, not susceptible to deterministic 
formulations. 

Engineering research is involved \rith effects of 
such factors as urbanization, deforestation, and \rind 
on the environment. Support has been given for 
projects involving a study on a hydrologic model for 
predicting the effects of urbanization, deforestation, 
and %rind on the environment. This mathematical 
model will help appraise hydrolo^c changps, their 
magnitudes, effects, and possible remedial actions. 

The RANN program is supporting the Oak Ridge 
National Laboratory to conduct research on the po- 
tential for genetic mutations in man resulting from 
the introduction of manmade chemicals into the 
environment. Several approaches are being developed 
for mass screening of mutations in man. Other studies 
will develop techniques for performing overall eco- 
logical evaluations of the environment, increasing 
public awareness of environmental quality, projecting 
the costs and consequences of alternate environ- 
mental policy actions, and development of a coTr> 
puter simulation model to predict the influences of 
alternate environmental policies in the Tennessee 
River Valley. 

Funds (in millions of dollars) expended by NSF 
for irapact of the environment on man during fiscal 
years 1969-71 are as fol )W8: 

1960 mo 1971 

2.30 2.30 2.80 

SfliHlisonba InsfRoflfn 

Si's research on the impact of the environment on 
man includes studies by the Museum of Natural 
History on anthropology research on effects of clim- 
atic changes on man both historical and present. The 
Center for the Study of Man is studying the effects 
of rapid environmental chai^ resulting from urbani- 
lat^on, improved transportation, and so forth. The 
Musimn of History and Technology is studying the 
effects of shdter, heating, and cooling man's environ- 
ment. The Smithsoman resesrdi awards program is 
studying the mathematical modeling of environ- 
mental factors and environmental prediction ana 
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effects on man and adaptation of man. The Smith- 
sonian foreign currency program includes studies on 
the impact of man's technolog>* and destruction of 
natuml environment on niral and urban communi- 
ties, and unusually rapid modernization in developing 
countries. 

Funds (in millions of dollars) expended by SI for 
impact of environment on man during fiscal years 
19C9-71 are as follows: 

19^t 1970 1971 

1.70 2.00 2.:W 



LOCATING AND DESCRIBING 
NATURAL RESOURCES 

Department of AKricunore 

USDA's research encompasses development of 
techniques and accumulation of natural resource 
availability and planning data through remote 
sensing, high ahitude photograph, and direct inven- 
tor>'. Objectives range from broad-based surveys and 
evaluations, such as land resources, land-use pat- 
terns, water requirements, future demands among 
competing uses, and land and water conservation and 
development alternatives, to development of method- 
ology and inventories for specific resources or signifi- 
cant interrelationships. About half of the program 
consists of the Forest Survey that is a continuing 
inventory of the forests of the United States and of 
future timber needs and prospective supplies. Other 
programs include measurement of soil moisture, 
nutrient, and salinity conditions; snow accumulations 
on wildlands; rangeland productivity; forest fuel 
distributions; and detection and anah-sis of forest 
insect and disease outbreaks. Direct inventory 
methods can achieve good accuracy, but they are 
alow and expensive. High altitude photography, 
remote sensing, and computerization for rapid data 
reduction and analysis are new and developing fields. 
They show mueh promise but require much research 
for development of techniques, for feasibility of 
monitoring and surveillance activities, for timely 
availability, and recall and updating of information. 

Funds (in millions of dollars) expended by USDA 
on impact of environment on man during fiscal >'ears 
1969-71 are as follows: 

1969 1970 1971 
4.74 5.31 5.87 

DipvtMiit if flw literior 

DOFs scientific investigations are carried out by 
the Geolopcal Survey on the oripn, occurrence, and 



distribution of fuel aud nonfucl minerals and mineral 
raw materials in nutnro; the development and im- 
provement of mineral exploration (»on(*epts and tech- 
niques for loeating new deposits of minerals; and the 
evaluation of known and potential mineral resources 
of the Nation. This rescureh is essential to the 
Federal Government in meeting its responsibilities 
for (1) assuring that adequate and dependable sup- 
plies of mineral raw materials arc available to do- 
mestic coasumers, (2) insuring'''the orderly and 
efficient development of flomestic mineral resounrcs 
with a minimal detrimental cfTcct on the environ- 
ment, and (3) judiciously managing the public lands 
and their contained resources. 

Offshore geologic surveys are contributing to a 
planned long-term program that will result in regional 
geologic information and rccoimaissance (small 
scale) geologic maps of significant parts of the U.S. 
continental margins and that ultimately will con- 
tribute geologic analyses and maps of the submerged 
continental margins. Such analyses help provide the 
necessary geologic data for managing resources in the 
public land and in producing geologic maps for all of 
the continental United States. 

National land and mineral resources survej-s in- 
clude the nature and distribution of minerals and 
investigations of fundamental g^logic, geochcmical, 
and geophysical processes. Geologic maps are pre- 
pared at scales appropriate for appraisal of environ- 
mental properties of the land and for determination 
of its mineral resources. 

The water resources investigations activity and 
the areal appraisal, special studies, and Federal 
water data coordination activity investigate and de- 
scribe the location, distribution, quantity, quality, 
and movement of surface and underground water 
resources of the Nation. In addition to basic research 
on hydrologic principles and techniques of investiga- 
tion and prediction, the program includes acquisition 
of data on streamflow and ground-water levels, co- 
ordination of Federal water-data acquisition, in^rxrti- 
gation of specific water problems (for example, 
floods, droughts, ground-water recharge), environ- 
mental quality effects and interactions between 
water, air, land, and ecological systems, and assist- 
ance to other agencies in the solution of specific 
mission-oriented water problems. 

The Earth Resources Observation Systems 
(EROS) program includes: (1) Collection and proc- 
essing of remote-flensing data of direct use in environ- 
mental research and action programs; (2) analysis of 
the data to develop new information to permit 
detection and monitoring of environmental status 



and change; (3) dissenunation of this data and in- 
formation to (Jovcnunent and private resource and 
environmental research and manajjenicnt groups; 
aiul (4) continuatioii of research, development, and 
further refinement of remote-sensing techni(|ucs, and 
of methods and C(|uipment for extracting ami intcr- 
pretinj^such information. 

The Office of Water Resources Research program 
spon.sors research, and trahis scientists in the fields 
of water resources which assures the Nation of a 
supply of water sufficient to meet its water supply 
requirements. 

Assistance to States for inriti\»-'es provides for 
specific grants for assistance in water resources re- 
search at one college or university in each State. 
Matching grants are also given to institutes and 
univershies to carry out research in this field. 

Water resources planning and engineering research 
involves water supply augmentation and conserva- 
tion, water (luality management and control, water 
quality management and protection, water resources 
planning, and engineering works. 

Funds (in millions of dollars) expended by DOI 
for locating and describing natural resources during 
fiscal years 1969-71 are as follows: 

t969 1970 1971 

28. Oa .31.82 :«.17 

National Aeronautics and Space Administration 

NASA's earth resources survey program is being 
developed to provide a global capability to survey 
and monitor the earth's resources, measure the 
changes in those resources, and provide continuous 
monitoring of the significant environmental and eco- 
logical relationships. Aircraft and manned space 
flight experiments have demonstrated the feasibility 
and economic and social value of remote sensing of 
the earth's forests, agriculture, water resources, 
oceans, geograph}', minerals, and even its atmos- 
phere. The earth resources technology satellites 
(ERTS) currently being developed will demonstrate 
and test techniques for routine nu)nitoring of re- 
sources and the environment from space. Data pro- 
vided by the earth resources survey program can 
provide the means for the detection of air, water, and 
solid waste pollution, crop and forest degradation, 
and the occurrence and consequences of natural 
disasters. 

The total NASA program for earth resources sur- 
vey included the earth resotu*ces technology satellite, 
aircraft surveys, and the earth resources experiment 
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packagp for Skylab. The total cost is for fiscal year 
1969, 813.90 million; for fiscal year 1970, $44.00 
million; and for fiscal year 1971, $107,40 million in- 
cluding spacecraft and operations but not launch 
vehicles. The costs for experiments supporting re- 
search and technology, and data analysis are given 
below. 

Funds (in millions of dollars) expended by NASA 
for locating and describing natural resources during 
fiscal years 1969-71 are as follows: 



1969 
11.10 



1970 
40.10 



1971 
71.10 



National Science Foumletlon 

NSF's seabed assessment activities under the In- 
ternational Decade of Ocean Exploration (IDOE) 
are directed to a goal of permitting better utilization 
of mineral resources on the seabed by acquiring 
needed knowledge of seabed topography, structure, 
dynamics, and mineral location. The data obtained 
will improve the management of resource develop- 
ment, identify hazardous geologic conditions, and 
assist in formulating policy for international discus- 
sions of the seabed and its resources. 

Elucidation of the evolution and mineral potential 
of small ocean basins and selected wide continental 
margins are among the short-term IDOE objectives 
supported by studies initiated in fiscal year 1971. 
The main emphases of these studies are directed to. 
the Gulf of Mexico, Caribbean and Bering Seas, and 
the continental margin of the eastern Atlantic. 

The Foundation's ocean sediment coring program 
has as its objective the acquisition of samples through 
the sedimentary layer of the deep ocean basins to 
serve the advancement of marine gpology and related 
geologic and geophysical sciences. From such sam- 
ples, which have never before been available from 
depths below the sea floor, is derived knowledge that 
is necessary for o\ir understanding of the structure 
and history of the crust of the earth. 

The discoveries made upon a first examination of 
the cores, while still on board the drilling ship, have 
been beyond expectations. In addition to the first 
surprising discovery of petroleum in the deep sea 
floor, minerals such as native copper, zinc sulfide^ and 
iron carbonate have been recovered off the conti- 
nental slope of eastern North America. 

NSF also supports basic research grants on de- 
scription, biogeography, and ecology of various 
groups of flora and fauna, and some for hydrolopc 
modeling or resource econometrics* None of these 



activities directly contribute to economic resource 
development. 

Funds (in millions of dollars) exix^ndcd by NSF 
for locating and describing natural resoun-es during 
fiscal \ ears 1969-71 are as follows: 



1969 
2.30 



1970 



1971 



SURVEYS TO DESCRIBE 

THE PHYSICAL ENVIRONMENT 

Department of Commerce 

NOAA's marine geophysics program dealing with 
the liquid envelope and the earth below the oceans 
includes terrestrial magnetism, gravity, seismology, 
geological oceanography, and related sciences. The 
marine geophysical program is describing the marine 
environment in terms of various parameters that are 
of interest to the various scientific communities, 
^.^urrent geophysical research on the continental 
margins involves studies in morphologj'-, structure, 
and sedimentary processes. Deep ocean basin re- 
search attempts to provide a basic understanding of 
the characteristics of the ocean crust and of the 
depositional and tectonic processes occurring in the 
deep ocean basin. 

Research seismology attempts to improve under- 
standing of the natural forces that generate earth- 
quake mechanisms, and of the destructive power of 
earthquakes. Research is aimed tow*ard basic knowl- 
edge of geophysics and tectonics of earthquakes and 
the physical structure of the earth. Instruments are 
deployed in areas of known seismic activity to moni- 
tor geophysical phenomena at the site. Specific stud- 
ies are underway on the nature of the earth move- 
ment at the time of the earthquake and the relation- 
ship of this movement to tsunami generation. Efforts 
are being made to increase the value of seismic data 
by improving recording instruments, by increasing 
the accuracy of earthquake location determinations, 
and by developing more advanced data processing 
capabilities for including larger quantities of data in 
the analysis. 

Funds (in millions of dollars) expended by DOC 
for survey to describe physical environment during 
fiscal years 1969-71 are as follows: 



1969 
1.90 



1970 
1.90 



1971 
2 00 



fiepirtiiiMit of the Interior 

The Geological Survey is studying special geologic 
hazards. This includes a major geological and geo- 
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physical program to discover what causes earth- 
quakes and what can be done to decrease their 
dangers; an investigation of volcanic processes to 
provide basic dat^ prerequisite to developing a pre- 
dictive system; and engineering geologic studies pro- 
viding information on foundation conditions, stability 
of slopes, drainage characteristics, and engineering 
properties of rocks and soils needed for land-use 
planning and construction in many areas. 

Funds (in millions of dollars) expended for DOI 
for survey to describe physical environment during 
fiscal years 1969-71 are as follows: 

1969 1970 1971 
1.64 1.83 2.00 

National Aeronautics and Space Administration 

The NASA earth physics program includes studies 
to: (1) Apply geodetic satellite technology, precision 
satellite tracking techniques, and precision astro- 
nomical techniques to measurements of the dynamics 
of the solid earth and oceans; (2) establish marine 
geodetic control points; and (3) contribute to the 
objectives of the National geodetic satellite program 
with respect to accurate determination of the size 
and shape of the earth. The program includes the 
geodetic satellite program and a supporting research 
program to provide improved measuring techniques, 
a better knowledge of information requirements, and 
systems concepts to meet these requirements. The 
knowledge gained from these activities may contri- 
bute to the development of techniques for predicting 
earthquakes, volcano eruptions, and general oceanic 
circulation, and will fadlitate the production of 
mapping of resources on the ocean floor. 

Funds (in millions of dollars) expended by NASA 
for survey to describe physical environment during 
fiscal years 1969-71 are as follows: 

1969 1970 1971 
4.00 3.40 4.40 



Hd^ml Science Foundation 

Geoldgy research ranged widely from the study of 
the most ancient rocks and their fossils to the study 
of present processes of glaciation, river erosion, and 
sedimentation. Most of the p: ejects are strongly field 
oriented, in contrast to the laboratory studies of 
geochemistry. 

Tb» past decade has seen a revolution in the science 
otigftQlogy, The concept of sea floor spreading and 



plate tectonics, barely thought of in 1960, is generally 
accepted as a reasonable theory, based on evidence 
largely obtained through studies of core samples 
collected under the ocean sediment coring program. 
Perhaps of even greater importance have been the 
concurrent development of the unifying concepts of 
sea-floor spreading and plate tectonics along with the 
critical need for information on and understanding 
of the balance of nature. 

The discoveries made upon a first examination of 
the cores, while still on board the drilling ship, have 
been beyond expectations. The concept of sea-floor 
spreading has come to be generally regarded as valid. 
As a result of information obtained in analyzing the 
substance of the cores, other geologic facts of world- 
wide significance are becoming evident. For example, 
the Northwest Pacific appears to comprise a remnant 
of the oldest ocean yet extant; the Gulf of Mexico 
has been estimated to have remained an oceanic 
basin at least since early Cretaceous times (about 
120 million years ago); blocks of continental crustal 
material appear to have foundered and sunk in the 
North Atlantic since Cretaceous times. In addition 
to the first surprising discovery of petroleum in the 
deep sea floor, minerals such as native copper, zinc 
sulfide, and iron carbonate have been recovered off 
the continental slope of eastern North America. 

Funds (in millions of dollars) expended by NSF 
for survey to describe physical environment during 
fiscal years 1969-71 are as follows: 

mo 1970 1971 
1.00 2.75 7.00 

Smitlisonian Institutioq, 

The Smithsonian Astrophysical Observatory 
(SAO) is studying the extremely mobile earth's sur- 
face. Of special interest are the large surface blocks 
or plates whose interactions appear to be responsible 
for large earthquakes, mountain building, generation 
of tsunamis, and confinement of active volcanic ac- 
tivity to a few narrow belts. Thorough monitoring 
and understanding of these phenomena may lead to 
prediction of earthquakes. 

The SAO is using the most precise laser and elec- 
tronic techniques to monitor these geophysical 
changes, by observing the motions of artificial satel- 
lites in the earth's gravitational field. SAO is also 
pioneering in the development of more accurate 
measurement techniques. 

Funds (in millions of dollars) expended by SI for 
survejns to describe physical environment during 
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fiscal years 19G9-71 are as follows: 



0 



VJ70 
0.20 



ti)7t 
0/20 



WEATHER MODIFICATION 

Department of Agriculture 

Development of cloud-seeding techniques for 
suppressing lightning storms that produce forest 
fires is heing done to reduce forest resource damage 
resulting from wildfire and to increase water yield 
from mountain watersheds, particularly in the grow- 
ing season. 

In the Forest Service Project Skyfire, field experi- 
ments are testing lightning suppression when a full 
storm system is heavily seeded. Research is conducted 
to improve seeding equipment, to develop a mecha- 
nism of lightning suppression through the depression 
of the sparkuig potential of sut)ercooled water drop- 
lets by glaciation, and to identify the less common 
long-pulse lightning strike as the principal fire 
starter. 

Future research is needed to improve the use of 
cloud seeding techniques and to develop computer 
models of cumulus convection as a basis for simula- 
tion experiments on lightning occurrenee. 

Funds (in millions of dollars) expended by USDA 
for weather modification during fiscal years 1969-71 
are as follows: 



1969 
0.44 



1970 
0.45 



1971 
0.52 



Department of Commerce 

Hurricane modification — Diagnostie studies b y 
NOAA of the basic physical properties of the atmos- 
phere that determine hurricane formation, move- 
ment, and dissipation are emphasized by using 
computer modeling techniques to examine basic con- 
cepts for hurrieane modification. In Project Storm- 
fury, jointly sponsored program by DOC (NOAA) 
and DOD (Navy), field experiments involved release 
of seeding material into hurricanes and assoeiated 
clouds to assess effects on the wind velocity or the 
direction of storm movement or bpth. 

Diagnostic studies of the basic physical properties 
of the atmosphere that determine hurricane forma- 
tioUi movenients, and dissipation will be comple- 
mented by computer models. Studies will also be 
made concerning the feasibility ol storm modification 



through the use of chemicals to retard evaporation 
from the surface of the ocean. 

Studies also involve tropical cloud modification 
and effects of various methods of seeding on snowfall. 
Studies are underway on hail and lightning suppres- 
sion and of inadvertent weather modification hy man- 
made (X)nstituents especially carbon dioxide and 
water \ix\yov. 

The future program will aim at a full determination 
of procedures for manipulating mesoscale winter 
cloud systems, ineluding mitigation of severe local- 
ized snowstorms, release of precipitation and itera- 
tion in mesoscale elimate through cloud dissipation. 
Further studies of the influence of metropolitan 
areas on clouds and precipitation will be conducted. 

Funds (in millions of dollars) expended by DOC 
for weather modification during fiscal years 1969-71 
are as follows: 



1969 
1.30 



1970 
I AO 



1971 
1.40 



Department of Defense 

Operatioiial techniques for modifying local weather 
conditions are required for use by the DOD. Theo- 
retical, laboratory, and field studies are conducted to 
develop, refine, and verify realistic models simulating 
natural atmospheric processes and their modification. 
The models serve as a basis for designing operational 
modification systems without the need for extensive 
test programs for each potential application. Re- 
search is currently directed toward the development 
of techniques for suppressing dissipating warm and 
cold fog stratus clouds or both. The feasibility of 
producing large clearings in shallow warm fog and 
stratus Layers by the down-wash mixing effect of a 
helicopter has been conclusively^ demonstrated. A 
numerical model of the dissipation of nonturbulent 
fog by hygroscopic partiele seeding has been de- 
veloped. Field experiments of the hygroscopic method 
have, however, emphasized the necessity of including 
the effects of turbulent diffusion in the model before 
the realistic potential of this modification technique 
can be assessed. Cold or supercooled fog consisting 
of liquid water droplets at below freezing tempera- 
tures is comparatively easy to dissipate by introduc- 
ing a largQ number of ice crystals into the fog. 
Methods are being investigated for preventing high 
eleetrical fields within eumulus clouds to suppress 
lightning. 

Funds (in millions of dollars) expended by DOD 
for weather modification during fiscal years 1969-71 
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arc as follows: 

1060 1070 1071 
0.09 ;i..*)0 4.70 



Department of the Interior 

Predpitaiion modification. — The DOI's Bureau of 
Reelamation has started earlj' preoperational pro- 
jects in connection with the West Wide water plan- 
ning studies. Pilot-t3T)e research projects are de- 
signed to be the last development phase before initial 
operations. The Colorado River Basin pilot project 
is seeding a large target area to provide sound scien- 
tific and engineering evaluations of precipitation 
increases over large areas by an operational-tj-pc 
application of developed cloud seeding techniques. 
The North Dakota pilot project is operationally 
testing seeding of groups of summer cumulus clouds 
and convective storms over western North Dakota. 

Experimental research field activities are being 
carried out in nine States in the West by using air- 
craft and ground seeding. Research projects are 
underway to attempt to shift precipitation to other 
areas, on effects of seeding on clouds, particle growth, 
and cloud electrification. 

Research programs underway include: Develop- 
ment of Techniques utilizing h>'drologic parameters 
to evaluate precipitation modification efTcctiveness 
and to forecast effect on short-term, streamflow re- 
sponses for water right administration. Use of wind 
tunnel modeling to study nuclei diffusion in moun- 
tainous areas with verifieation from field experiment 
date and to predict diffusion for design of experiment 
and other projects. Use of a cooperative computer 
laboratory to integrate developed mathematical 
models and fully analyze results of seeding projects 
and cooperative experiments. Development of basic 
concepts and optimum statistical designs for scien- 
tific precipitation modification experiments and im- 
proved statistical evaluation procedui-es. Studies on 
the physics and dynamics involved in modifying 
warm clouds for enhancing precipitation and design 
of practical modification techniques. Development of 
remote sensors, including radar, that will measure 
those meteorological parameters important to effec- 
tive cloud seeding and real-time analysis systems 
and recognition displays for operational control dur- 
ing experiments and eventual routine operations. 
Analysis and forecasts of stormtype characteristics 
and associated meteorological studies including 
region-wide climlsttological surveys of natural nuclei 



availability. These investigations will !)C made in 
conjunction with the l)cn('hniark programs and plan- 
ning for the West Wide water studies. 

Funds (in milliouH of dollars) expended l)y 1)01 
for weather modification during fiscal years 11)()9-71 
are as follows: 

WOV 1070 1071 

4.70 4. SO (5.. 50 



Department of Transportation 

Fog dispersal — In cooperation with other Govern- 
ment agencies and industry, DOT's Federal Aero- 
nautics Administration (FA A) will conduct R. & D. 
to achieve operational weather modifications, such 
as fog dispersal in tciminal areas. 

Atmospheric iX)llution may influence the weather 
and attempts to modify it may create pollution. 
Knowledge of the interaction of pollution and efforts 
at weather modification is essential. 

Specialized instrumentation to measure cloud 
physics variables is l)cing developed. Cloud models 
for modification experiments arc being developed. 
Efforts to find more effective weather modification 
materials arc continuing. ^lajor emphasis is on sys- 
tems which will disperse warm fog and frontal cloud 
formations. 

The results of studies of marine aerosols, droplet 
growth processes, and nuclei climatology- will be ap- 
plied through experiments with both actual and 
model weather systems. Promising results will dictate 
process and equipment development. 

Funds (in millions of dollars) expended by DOT 
for weather modification during fiscal years 19G9-71 
are as follows: 

1060 1070 lO'^l 
3.00 2.30 3.50 

National Aeronautics and Space Administration 

NASA's field tests of warm fog seeding experi- 
ments were continued by using sodium chloride and 
urea. This confirmed previous results tliat clearing of 
dense fog could be attained. The fog-bound airport 
at Elmire, N.Y.j was used as the target area. Effort 
will be devoted to investigating the life cycle of warm 
fog to determine the principal parameters (radiatiouj 
turbulence, and hydroscopic nuclei) affecting its 
generation and persistence. 

Funds (in millions of dollars) expended by NASA 
for weather modification during fiscal years 1969-71 



are as follows: 

1969 1970 1971 
0.18 0.20 O.U 

National Science Foundation 

Weather modification studies include modifica- 
tion of ice nueleation mechanisms, droplet coagula- 
tion and coalescence, cloud electricity, and hygro- 
scopic nuclei, storms. Social, economic, legal, and 
ecological aspects of w'eather modification are also 
considered. 

The national hail research experiment in Colorado 
under the National Center for Atmospheric Research 
(NCAR) is designed to determine how hail forming 
mechanisms of severe storms may be modified to 
reduce hail damage on the ground. 

A cloud seeding pilot project in the Upper Colorado 



River area has successfully demonstrated the poten- 
tial of weather modification using groundbnscd seed- 
ing with silver iodide. 

Research in atmospheric electricity will continue 
to establish the role played by electrical fields and 
electrostatic forces in promoting coagulation of cloud 
particles and rain production. Studies of the electrical 
structure of discrete convective clouds will be con- 
tinued to determine the location, polarization, and 
extent of the charge centere. Artificial ion injection 
will be used as a tool of research to explore charging 
mechanisms and possible precipitation enhancement. 

Funds (in millions of dollai*s) expended b>' NSF 
for weather modification during fiscal years 1969-71 
are as follows: 

tm mo 1971 

2.70 3.00 4.oO 




APPENDIX 5 



Protecting and Enhancing 
the Environment 



Funding of R. & V). pertaining to protecting and 
enhancing the environment for fiscal years 1969, 
1970, and 1971 is reported in table 7 (p. 48). 



ANALYSIS OF 

ENVIRONMENTAL SYSTEMS 

In addition to research on the interactions of 
man's various developmental and technological ac- 
tivities on separate components of the envimnment, 
and on the structure and functioning of individual 
terrestrial and aquatic ecosystems, there is a need 
for more comprehensive study of total environmental 
system?. 

National Science Foundation 

NSF currently sponsors research designed to de- 
velop a holistic approach to regional planning that 
will identify and characterize probable major en- 
vironmental problems and find ways of preventing 
their occurrence. Related research seeks to relate the 
flow of goods and services to the occurrence of en- 
vironmental problems. Other research is examining 
new approaches to land use allocation which will 
accurately predict the environmental consequences 
of different mixtures of land use. An assessment of 
the national energy problem is coupled with research 
to identify and exploit new technological alternatives 
for eneigy generation, storage and transmission, 
particularly in ways that will minimize environ- 
mental impacts. 

Funds (in millions of dollars) expended by NSF 
for analysis of environmental systems during fiscal 
years 1969-71 are as follows: 

1969 1970 1971 
0 3.07 0.11 



FISHERIES AND WILDLIFE 
RESOURCES 

The Nation's forest, range, and agricultural lands 
furnish shelter and food for more than 10 million 
head of big game and for countless numbers of small 
game and nongame animals and birds. Our native 
wildlife also represents an increasingly valued part 
of the environment for the interest, variety, and 
beauty it adds to the landscape. Similarly, fresh- 
water streams and lakes are host to some 25 million 
fishermen annually, and the 52,000 miles of tidal 
shoreline give access to offshore and deepwater sports 
fishing for additional millions. Although this resource 
is potentially self-perpetuating, protection and man- 
agement practices must be improved, intensified, 
and more generally applied to offset increasingly 
heavy depletions. These occur not only from natural 
causes such as predators, disease, and weather — and 
from the annual harvest by hunters and fishermen, 
but also, and of mounting importance, as a result of 
damage to aquatic and terrestrial habitats by man's 
activities. 

Department of Agriculture 

Current research by the Department seeks to 
characterize the principal interactions between wild- 
life and their environment and to determine food 
and cover requirements of game animals. Invest- 
ments are especially high in deer and elk habitat 
research. Work is concentrated in the deciduous 
forest ecosystems in the East, and in the mountain 
forest and rangeland ecosystems in the West. Meth- 
ods of manipulating forest and range vegetation to 
optimize food and cover conditions are being de- 
veloped. Studies of alternative levels and combi- 
nations of multiple use management emphasize the 
integration of wildlife with timber and livestock 
production. A small start recently has been made 



in (Ictcnnining (rfToets of cortiiin foix^st praelicos on 
aquatic htihitat of anadromous fish, llahitat lUHpiiri*- 
nicnts of a few S(»lcctt»d (»n(lanK(»rcil si)(»cios of birds 
and animals arc also being investigated. 

Research in the next 5 yeai-s will place more 
emphasis on desert, grassland, coniferous forest, and 
wetland ccosyst(»ms. To insure* rapid progress toward 
enhancing wildlife values, nioiv attention will be 
given to e.stablishing a .sound basis for forest and 
range management systems that will augment wild- 
life values without sacrificing water, timber, forage 
and other benefits. Added emphasis will also be 
given to methods of preserving and enhancing aquatic 
habitat in rivci's and lakes in forested areas; to the 
food and cover requirements of nongame birds and 
animals, particularly endangered species; to improv- 
ing strains of wildlife food plants; and to the study 
of insect and disease pests of important wildlife 
food plants. 

Funds (in millions of dollars) expended by USDA 
for fisheries and wildlife resources during fiscal ycai*s 
1969-71 arc as follows: 

1969 1970 1971 

1.05 2.22 2.33 

Department of Commerce 

The DOC research objectives arc to develop 
knowledge of the biological characteristics and re- 
quirements of living marine resources and an under- 
standing of their relationships to, and the conse- 
quences of, changes in their physical environment. 
Fishery models are designed to predict changes in 
abundance and location of fishery stocks and to 
predict the effects on fishery stocks of manmadc or 
natural changes in marine, estuarine, and anadrom- 
ous habitats. Basic studies of marine fish and shellfish 
will identify races or stocks and their geographic 
distribution; describe their life cycles, migrations, 
and seasonal changes in abundance; and determine 
the causes of variations in abundance and distribu- 
tion. DOC also conducts investigations leading to 
improved understanding of jellyfish populations to 
develop possible methods of controlling or eradi- 
cating this marine pest. 

Future work will involve biological and ecological 
studies of the basic requirements of the living marine 
resources and the physiological implications of pol- 
lutants introduced by man. Another field of research 
will emphasize the natural and modified processes 
that operate in marine ecosystems and the practical 
methods of managing the ecosystems to restore, 
maintain, or enhance the production of species useful 
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as: 



to man. Kmphasis will be placed on an understanding 
of the coastal and oceanic processes and the role of 
the living marine resources within the marine eco- 
sy.stem. Systematic sampling of waters and biota 
will be carried out in selected estuarine, coastal, 
and high .seas environments to obtain relevant phys- 
ical, chemical, and biological • data to permit de- 
tection, analysis, and prediction of environmental 
change and its consequences. 

Funds (in millioas of dollars) expended by DOC 
for fish and wildlife resources during fiscal years 
1969-71 arc as follows: 

1969 1970 1971 

14.22 li).lG 13. li) 

Department of the interior 

The DOI's 11. & D. activities include fish and 
wildlife biological rcsearch, and Federal aid to States 
for research on local fish (about 30 percent) and 
wildlife (about 70 percent) problems. Department 
scientists are measuring and analyzing the effects on 
fish populations of various ecological imbalances, 
such as water temperature increa.sc.s resulting from 
the addition of heated waste water to streams and 
lakes and the immediate and chronic toxicity, per- 
sistence, and detoxification of pesticides and their 
residues. They are also investigating the cycling of 
heavy metals through aquatic ecosystems. Research 
is conducted on the prevention, detection, and con- 
trol of fish diseases to limit the contamination of 
public watei^s through introduction of carriers. Fish 
hatchery management and rearing methods are being 
improved. A strong research program is maintained 
to develop more complete knowledge of the environ- 
mental requirements of waterfowl and other migra- 
tory birds tlu*oughout their ranges. Also included 
are studies of food, shelter, and mating requirements 
of certain endangered bird and animal species. The 
overall effects of a broad spectrum of environmental 
pollutants on the reproduction and survival of wild- 
life are receiving increased emphasis. 

DOI plans for the immediate future envisage no 
significant changes from the present program. 

Funds (in millions of dollars) expended by DOI 
for fisheries and wildlife resources during fiscal years 
1969-71 areas follows: 

1969 1970 1971 

17.30 17.20 • 10.10 

The USDA and the DOI under a memorandum 
of understanding approved in October 1960, col- 
laborate closely in the planning and conduct of their 
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respective programs. USDA has ])rimary responsi- 
bility for research on the habitat and develops needed 
knowledge on how favorable food and shelter con- 
ditions may be maintained and enhanced. USDA 
also does research on the impacts of forest and raiiRi* 
land management practices on fish and wildlife habi- 
tat. DOI has respoasibility for studying the biolog}' 
and life proces.se.s of fish and wildlife, their habitat 
requirements, and their parasites, diseases, and 
predators. 



RECREATION RESOURCES 

Concentrations of population, combined with more 
leisure time, greater mobility, and higher net income, 
have greatly intensified the demand for outdoor 
recreation. Existing facilities and resources arc often 
overtaxed, and development plans fail to keep u]) 
with changing public needs and preferences and 
with advancing technology. Increasingly, these de- 
ficiencies are leading to environmental deterioration 
and to an unsatisfactory or unfulfilled recreation 
experience by millions of people. Resource planners 
and managers must have better information on which 
to base their decisions if the Nation's requirements 
for a healthful, diversified, and rewarding array of 
recreation opportunities are to be met. 

Department of Agriculture 

USDA is developing more accurate techniques for 
measuring recreation use, for evaluating trends in 
types of recreation activity and for projecting future 
needs. Criteria for identifying, measuring, and ap- 
praising the. total recreation potential of forest and 
other wild lands are being established. An important 
objective associated with the Department's responsi- 
bilities for rural area development is to learn how to 
increase the profitability of rural recreation enter- 
prises. Research is also concerned with finding out 
how recreation opportunities can be provided to en- 
hance the quality of life for low income and under^ 
privileged Segments of the population, both in rural 
and urban situations. Methods of integrating recre- 
ation activities with other land and water uses are 
being tested. The Department also conducts multi- 
disciplinary research to evaluate the nature, du- 
ration, and severity of impacts of high-density recre- 
ation use on ecosystem components.^ 

Future research is expected to develop more accu- 
rate yardsticks for determining recreational needs of 



major population s(»gments and methods of applying 
th(\se findings in rural ])laiuiiiiK for expanded recre- 
ation aivas and facilities. Recreation users of nil 
typos will be studied to determine their interests, 
motivatioiv^, and reactions to cuitdoor (»xperi(Miees 
in order to improve th(* planning, deveh)pni(*nt, and 
management of rcer(*ati(Ui resources and faciliti(»s. 
Great(M' emphasis will bo placed on understanding* 
preventing, and competing adv(»rs(» environiuental 
effects resulting din^etly or iiuliroetly from recn^ation 
activities. Addhional res(>arch is ])lanned on a num- 
ber of problems which hav(» so far r(»ceiv(Ml little 
attention, such as criteria and guidelines for polici(»s 
with ivgard to use of snowmobiles and other off- 
highway V(»hicli>s in parks, recreational annis, and 
other public wild lands. 

Funds (in millions of dollars) expended by USDA 
for recixmtion during fiscal years 1969-71 arc as 
follows: 

mi) 1070 1071 

1.46 1,60 

Department of the Interior 

The DOI in addition to coordinating a variety of 
interrelated research activities, supports several re- 
search projects that relate to the protection and 
enhancement of recreation resources. Projects sup- 
ported during the past 3 years include: (1) Exami- 
nation of the optimum use of natural areas to de- 
termine patterns of preservation and development of 
natural aroas that will maximize net benefits to 
society, (2) study which will focus on the substantive 
policy and political practices of wilderness and wild- 
life preservation at the national level of government, 
' (3) review of the structure and adequacy of govern- 
mental decision making in the broad areas of environ- 
mental policy and land use planning, and (4) study 
of wild and scenic rivers to determine which rivers 
or stretches of rivers should be preserved in their 
free-flowing condition for the benefit of present and 
future generations. Future research will be expanded 
on these and related problems. 

In the next 5 years the Department will endeavor 
to expand its existing programs while giving added 
encouragement to privately supported investigations 
and doctoral dissertation projects in the area' of 
identified need. More attention will be given to the 
field of motivational research and to determining 
the kinds of recreational opportunities which are or 
which are likely to be most desired and sought after. 
Research to assist in the development of improved 
methods for determining demand for and use of 



projected recreation developimMits is also planned. 
Similarly, methods for equating qualitative values 
with quantitative values will bo investigated. 

Funds (in millions of dollars) expended by DOI for 
recreation and resources during fiscal yeais 1969-71 
ai*c as follo\vs: 

I960 1970 1971 
0.10 0.10 0.10 

RURAL AND WILD LAND 
ENVIRONMENT 

This categoiy of environmental research and de- 
velopment activities includes two major problem 
areas: (1) Improving the quality of living for mral 
residents, and (2) protection and enhancement of the 
esthetic and amenity values of the outdoor landscape 
for all Americans. It does not include related prob- 
lems of pollution abatement, recreation im-arce 
management, and basic ecological knowledge and 
understanding, all of which are covered elsewhere in 
this report. Rather, it relates primarily to the de- 
velopment and application of sound concepts and 
practices for managing vegetation to achieve socially 
desirable objectives. These objectives include mini- 
mizing adverse impacts of natural and manmade 
' forces and creating for man's enjoyment a more 
complete and esthetically pleasing rural environment. 

Department of Agriculture 

Research is conducted on a variety of culture and 
use problems which involve trees and other plants 
produced or established for functional or esthetic 
purposes. Little 's known, for example, about how 
to establish and maintain flowering ornamentals like 
dogwood or redbud, "screenings" of spruce or pine, 
or seed-bearing plants and shrubs for wildlife, in a 
broad range of wild land settings. Significant cultural 
problems are associated with the establishment of 
trees needed for landscape purposes at such adverse 
sites as cuts and fills and in soil-compacted foi'est 
recreation areas. Studies in landscape design and 
management also extend to the use of tree and shrub 
plantings to lessen other land use eyesores resulting 
from past nustakes and for making high-speed high- 
ways safer and more attractive for travelers. Funda- 
mental ecological knowledge is used to devise forest 
management systems which will permit extraction 
and utilization of timber without unacceptable or. 
lasting impairment of esthetic values. 



Re.soai'ch is also conducted un the rehabilitation 
of stripmined areas. Current liydrologie. enginecM'ing. 
and ecological studios empliasizo the chnnict(M-i- 
zation, stabilization, and rovegotation of minod-out 
areas on stoop slojK'S and acid soils. Bettor pmcticos 
are being developed for establishment, proteetion, 
and culture of windbreaks and sholterl)elts in the 
Great Plain.s to ameliorate the haish environment 
around farm and mnch homes and to protect crops 
and livestock. Forests and other rural landscapes 
must l)e protected from the depredations of insects 
and diseases and from destruction by fire. Depart- 
ment scientists seek safer, less expensive, and more 
effective ways of doing this. 

In the future, more emphasis will Ix* placed on 
research in rural land use planning, including the 
development of a better basis for determining uses 
of forest and range land that will insure the greatest 
long- and short-term social and economic benefits. 
Inci*eastxi emphasis will also be given to techniques 
for forest landscaix? management and the develop- 
ment of alternative timber hai-vesting systems which 
will meet esthetic requirements. Plans call for an 
expansion of research to establish a sound and 
rational basis for evaluating esthetic and other en- 
vironmental values of forests and other wild land. A 
major research objective will be to find ways of 
minimizing pest-induced deterioration of forest land- 
scapes by means of genetic and cultuml pest re- 
sistance and through biological control of pests 
wherever possible. 

Funds (in millions of dollars) expended by USDA 
for rural and suburban environment during fiscal 
yeare 1969-71 are as follows: 

1969 1970 1971 
0.50 6.78 7.63 

Department of the Interior 

The DOI is investigating ways of improving en- 
vironmental and economic conditions in areas dam- 
aged by past mining activities. Physical and chemical 
treatments of mine waste embankments are applied 
expei-imentally to modify acidity or alkalinity, im- 
prove structure and moisture-holding capacity, and 
reduce erosive tendencies. Recent tests with fly ash, 
for example, indicate that a large tonnage of this 
powerplant waste might be used to restore barren 
areas to attractive and productive use. Effective 
means of revegetating and stabilizing spent oil shale 
dumps, mined-out phosphate deposits, and other 
similar consequences of mining are being developed. 
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Inasmuch as much of the extraction tochnolog}' now 
applied is predicated on the use of land as a sink for 
mineral wastes, improved extractive systems utilizing 
technological advances in tlie mining process are 
being designed and tested. Research is also con- 
ducted on methods of filling underground voids to 
prevent extensive land subsidence and for more 
effective and less costly control of mine fiivs. 

No substantial shifts in direction or emphasis of 
the Department's R. & D. activities are planned for 
the immwliate future. 

Funds (in millions of dollars) expended by DOI 
for rural and wild land environment during fiscal 
years 1969-71 are as follows: 

wov 1070 1071 

0.83 0.91 0.97 



URBAN AND SUBURBAN ENVIRONMENT 

Urbanization and related coasequences of rapid 
population growth and economic expansion have 
greatly dimini.shed the attractiveness and livability 
of the environment in and around population centers. 
Open space and scattered woodland oases with their 
little enclaves of bird and animal life have been dis- 
appearing. Parks arc deteriorating fi'om neglect and 
overuse. Trees, grass, and flowering plants suffer 
from the varied imi>acts of hostile surroundings. The 
grace, oi'dci*, and charm that could and should be 
characteristic of well-planned m\inicii>alities seem 
almost forgotten. All this is titie not only of the 
great metropolitan centers but also of the thousands 
of other cities, towns, and suburbs where 70 percent 
of our people dwell. 

Recent years have seen a public awakening to the 
seriousness of urban blight and suburban sprawl and 
a gradual realization that they can no longer be 
ignored or allowed to continue unchecked. Concern 
for the poor and underprivileged millions crammed 
into slum areas now embraces not only the day-to- 
day struggle to stay alive but also the need for im- 
proving the quality of their living. Demands are 
intensifying for better understanding of just what 
the problenis are and how they may be corrected. 
The coals for research and development are in part 
to find ways of restoring already damaged environ- 
ment under conditions of continuing use and abuse, 
and in part to leara how to prevent deterioration in 
urban renewal programs, or in new or developing 
communities, through more intelligent and forward 
looking plamiing. 



Department of Agriculture 

The programs of USDA deal with protection, 
establishment, and culture of trees, turf, and orna- 
mental plants. They concern both problems of natur- 
ally occurring vegetation in city forests, parks and 
open-space areas, and of special puniose plantings in 
public gardens, along streets, and around buildings. 
Particular attention is given to stress tolemnce, pest 
resistance, and improvement of functional char- 
acteristics. Experimentation with the genetics, breed- 
ing, and .selection of new .species and varieties is^^ 
empha.sized. Safe and effective control measures arc 
being .sought for such critical pe.st problems as Dutch 
elm disease and the gypsy moth. Prevention and 
control of forest and brash fires in intermingled 
residential and wooded areas especially in critical 
.situations, such as those existing in the Los Angeles 
area, aw being intensively investigated. Rei?earch 
begun in 1971 will deal with optimum ases, the 
dynamics of change, and management alternatives of 
wooded areas in the densely i)opulated Northeast. 

Over the next few years USDA expects to devote 
more attention to identifying, characterizing, and 
evaluating urban and suburban environmental prob- 
lems. A broadened and more comprehensive attack 
is planned on .selected, high priority need? which 
promise prompt and oflfective research payoff. Im- 
proved plant materials for city parks, streets, and 
homes will undoubtedly rank high. More useful and 
dependable decision making and planning models will 
be sought, involving social, economic, biological, and 
ecological analysis of forest and related resources in 
areas of constantly increasing human pressures. New 
approaches to improved management and use of 
forested municipal watersheds will be investigated. 

Funds (in millions of dollars) expended by USDA 
for urban and suburban environment are as follows: 

1969 1970 1971 

4.61 4.05 5.63 

Department of Transportation 

Research in DOT is designed to develop, test and 
demonstrate methods by which transportation sys- 
tems serving the Nation's population centers cannot 
only avoid adverse environmental impacts but actu- 
ally contribute to community social and environ- 
mental goals and help make metropolitan areas more 
attractive. R. & D. activities will establish criteria 
and techniques for identifying and evaluating en- 
vironmental and aesthetic impacts of specific com- 
ponents of transportation systems. The location, 
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stnietuiv, and functions of alternative traa^portation 
modes in terms of their relative environmental effects 
will be studied. Available information on eontri- 
l>utions of surface vehicles and aircraft to air, water, 
land, and noise pollution will be synthesized into 
guidelines for selecting highway routes and airport 
locations which will minimize enviranmental impair- 
ment. The results of the Department's r(»search will 
lie made available for use by metropolitan decision- 
makers in dcve):>ping overall policies and plans. 

The above resi»ai-ch will continue for the next 
several ^^ai-s. 

Funds (in millioas of dollars) expended by DOT 
for urban and suburban environment during fi.scal 
years 1969-71 arc as follows: 

1969 1970 1071 

0 0.65 0.75 



Department of 

Housing and Urban Development 

The objectives of the environmental quality re- 
search and demonstration programs in HUD arc to 
provide the knowledge base and environmental plan- 
ning and management techniques needed by the 
urban planner and decisionmaker and to seek out 
ways to bring the nation's .science and engineering 
capability to help solve pressing urban and environ- 
mental problems. These programs consider the re- 
lationships between community development and 
redevelopment and environmental quality and en- 
courage management of the physical environment 
to be more responsive to the needs of the urban 
dweller. Studies include the feasibility of small-scale 
combined processing plants to treat solid and liquid 
wastes, generate electrical power and use the leftover 
heat in the surrounding neighborhood for home 
heating, air conditioning, and hot water. Also in- 
cluded is work on noise abatement, geologic hazards, 
application of advanced communications for more 
effective urban operations, utility installation tech- 
niques such as tunneling and trenching and the 
location and distribution ofc public utilities. Work is 
also underway to examine candidate technology and 
approaches that may be used at the urban renewal 
and new communities scale. 

Future plans are to design experimental demon- 
strations for the waste management systems that 
are ready for application. Also research will continue 
on the urban environmental planning process with 
a focus upon earth hazards and natural resources. 
An emerging effort is in the area of earthquake 



hazard reduction through improved .seismic risk 
Z(ming, land use, building and constructiiUi praetice. 

Other objectives of research and demonstration 
programs are to help establish, preserve, improve, 
and lieantify open space laud which is e.ssential to 
well-balanced, long-range urban and suburban de- 
velopment. The programs seek to define more re- 
lial)le crit(M*ia for, and design new and improved 
approaches to, the selection and allocation of land 
for parks, gr(»enbelts, wooded buffer strips, and 
recreation areas. Studies relate to eharaeterizing the 
quality of open .space in terms of iti* specific puiposes 
and to determine optimum distribution, location, 
size, and character of open .space areas. The influence 
of topography, traffic and business patterns, zoning 
regulations, needs of the people, and related factors 
are evaluated. Other studies are leading to improved 
design and planning of parks for more efficient 
maintenance, maximum public enjoyment, and 
greatest safety and security. 

This research will be continued in the next few 
years. 

Funds (in millions of dollai-s) expended by HUD 
for urban and suburban environment during fiscal 
years 1969-71 are as follows: 

1969 1970 1971 
0.77 2.09 :>».68 



WATER RESOURCES 

The most critical problems affecting our Nation's 
water resources are those involving pollution, floods, 
and adequacy of supply. Water pollution Is dealt 
with as a sepai'ate topic elsewhere in this report. 
Floods impact primarily upon human health and 
welfare and on property values and are outside the 
scope of this report. Certain II. & D. activities 
oriented primarily toward improving the amount, 
timing, and availability of water in streams and in 
natural and manmade impoundments are discussed 
here as relevant to environmental qualitv. 

Precipitation in the 48 contiguous States, amount- 
ing to about 2 feet for every acre of land each year, 
represents the source of the Nation's fresh water 
supply. Seventy percent of this annual increment is 
returned to the atmosphere through evaporation and 
transpiration. The remaining 30 percent finds its way 
into streams or ground water and is potentially avail- 
able for use Man's ability to degrade and destroy 
this water resource has been conclusively demon- 
strated. What has not been fully proved or demon- 



120 



stratcd is the potential for mlueing the 70 piM'eeiit 
lost to evapotranspinition, or for making more effi- 
cient use of the 30 percent that stays on or within 
the earth's surface. The eadwatei-s of all major 
rivei-s in the United States and inon» than half the 
strcamflow originate in forests, assoeiated rangelands, 
or alpine mgions characterized by relativ(»ly high 
annual precipitation. The management of these head- 
watei-s, including the vegetative mantle, luxs a great 
deal to do with the fate of this precipitation and 
with the timing and amount of water yield. Similarly', 
research has shown that the use and management of 
agricultural lands has a profound influence on the 
hydrologic characteristics of soils and, hence, on the 
infiltration and movement of water. However, the 
technology for producing prcdictablc effects where, 
when, and as needed has not been devised. It is still 
not possible to prescribe vegetation or land treat- 
ments which will cause specified changes in stream- 
flow and ground-water recharge in watersheds with 
heterogenous soil, geologic, topographic, and precipi- 
tation i>atterns. 

Department of Agriculture 

USDA develops knowledge that will lead to better 
methods for predicting effects of alternative systems 
of land treatment, water harvest, and water pro- 
tection measures on streamflow and ground water 
supplies. Research includes experimental manipu- 
lation of vegetation to inci'ease throughfall, reduce 
transpiration losses — particularly from riparian vege- 
tation in regions of low rainfall and the treatment 
of agricultural and forest soils to promote water infil- 
tration and increase storage capacity. Research is 
also conducted on the manipulation of forest cover 
and on the dynamics of air movement as they affect 
snow accumulation and rate of melt in high mountain 
areas. Mathematical models are composed for quan- 
titativdy describing the hydrologic performance of 
watersheds under varying types and levels of land 
use and management. Some of the most successful 
vegetation management methods involve the use of 
herbicides and prescribed fire, both of which can 
create environmental problems. Other types of treat- 
ment result in badly scarred landscapes. Alternative 
approaches must be found which will avoid air or 
water pollution or an aesthetically unattractive 
effect. 

No significant increases in research on water sup- 
plies are planned, and there may actually be some 
reduction in effort in order to give greater impetus 
to water quality research. Also, there will be more 



emphasis on making better use of infornuitioii already 
availahle, espeeially through the developiiu'ut of 
m()d(»linj?: systenis. Much c)f the knowledj^c on elTects 
of removal of riparian vi'^etation, forest eover ma- 
nipulation, and aj^rieultiM'al soil aniendments is not 
being fully appliinl because it has not heen int(>grat(Ml 
with other, closely n^lated ilnta, and ineorporated 
into total soil and water management preseriptions. 

Funds (in millions of dollai-s) expended by USD.V 
for water re.^oui'ces tlurinR fiscal y(»ars 1969-71 are 
a.s follow.s: 

i!i6!f mo mi 
:).7.» 6.12 ri.io 

Department of the Interior 

Several DOI Bureaus are involved in a hmad- 
based program, the purpose of wh»>h is to help a.ssure 
a continuing supply of water sufficient to meet the 
Nation'.s requirements. One phase of this program 
involves study of the effects of man*8 activities on 
the availability, movement, and efficiency of use of 
water resoiirces. Impacts of urbanization, highway 
systems, and irrigation projects on water yields and 
flow rates are evaluated. Institutional structures 
which influence, water policies and programs and the 
nature and mechanisms of constraints which they 
impose at all levels of government are investigated. 
Opportunities for making wider use of water heated 
during industrial processes or otherwise degraded in 
quality are being sought. Adverse impacts of major 
water development and management operations on 
the overall environment and ecology of an area arc 
being evaluated to provide information which can be 
used to structure projects for minimizing deleterious 
effects and maximizing enhancement effects. Tech- 
niques are being developed to prevent or ameliorate 
side effects of saline water conversion which may 
arise from improper disposal of the brine effluent 
produced. Research on upgrading or renovating 
waters which have become salty by multiple usage 
will, in essence, provide "new water," a particularly 
important source of water resource enhancement in 
areas of low precipitation. 

The DOFs existing research programs are indi- 
cative of future needs and reflect the probable di- 
rections of research over the next few years. 

Funds (in millions of dollars) expended by DOI 
for water resources during fiscal years 1969-71 are 
as follows: 

1969 mo mi 

2.63 2.72 3.88 
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APPENDIX 6 



Alternatives to 
the Use of Pesticides 



INTRODUCTION 

Pesticides have contributed greatly to the in- 
creased production of food and fiber by controlling 
the pests that compete with crops, and the human 
health by controlling the vectora of various diseases. 
Despite these positive attributes, the use of pesticides 
has also been beset with some problems. Long per- 
sistance in the environment and bioconcentmtion 
through a food chain, twin attributes of some chlori- 
nated hydrocarbons, have the potential for causing 
adverse effects in nontarget species, especially those 
at the top of food chains. More than 200 insect 
species have developed resistance to one or more 
insecticides. Beneficial insects are often affected as 
much by an insecticide as are the pest species. Fish 
and other aquatic organisms may suffer from the 
toxic effects of pesticides applied on land for the 
control of one or several pests. 

Because of the adverse effects of pesticides, re- 
search has been underway many years to find effec- 
tive and safe alternatives to the use of pesticides. 

Funding for R. & D. pertaining to alternatives to 
the use of pesticides for fiscal years 1969, 1970, and 
1971 is reported in table 8 (p. 63). 



Department of Agriculture 

In the field of forestry, losses Bxg experienced each 
year because of attack from insects and disease, and 
because of competition from undesirable vegetation. 
Natural disease epizootics regulate populations of 
some insect pests, but significant losses result from 
others. 

Biological and cultural control methods are being 
developed for controlling such insects as the douglas- 
fir tussock moth, European pine sawfly, larch case- 
bearer, gypsy moth, Saratoga spittlebug, European 
pine shoot moth, and the spruce budworm. Parasites 
and predators have been successfully established for 



the control of such insects as the European elm bark 
beetle, balsam wooly aphid, and larch casoboaror. 
Although most of the parasites and predators have 
been extended into oi)omtional size units. Attractants 
for gypsy moth and bark beetles are available and 
have been field tested. Their use facilitates trapping 
to determine the severity of infestation and they 
may ultimately bo of use in actual control opcratioas. 

For the control of forest diseases, breeding pro- 
grams are actively underway to develop resistant 
varieties. Silvicultuml manipulations, taking into 
consideration soil and climatic requirements and 
species mixtures, are used to improve tree growth 
and health so that the use of synthetic pesticides 
are not needed, or needed only infrequently, to main- 
tain forest and environmental quality. 

Breeding programs are also underway to develop 
timber species whose faster initial growth, combined 
with intensive cultural methods, greatly reduces the 
need for chemical control of competing vegetation. 

Breeding programs on agricultuml crops for re- 
sistance to insect and disease attack have been a 
first line of defense for many years. Most of the 
successes have been in the field of disease resistance, 
but varieties that are resistant to specific insects 
have also been developed. Resistant varieties of 
wheat are virtually immune to the Hessian fly, 
strains of alfalfa have been developed that are re- 
sistant to the spotted alfalfa aphid, and good progress 
has been made in developing sweet corn varieties 
resistant to the com earworm. 

Biological control, using nonnative parasites and 
predators plays a vital role in keeping pest popu- 
lations under control. More than 650 species of para- 
sites and predators have been introduced from foreign 
areas. Of these, about ISO have become established. 
Among notable successes are the control of St. 
Johnswort by a Chrysolina beetle and control of 
cottony-cushion scale by Vedalia lady beetles. 

Microbial agents can be equally as effective as 
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parasites and prodatoi's. Milky spoiv disease for the 
control of Japanes(» beetle* has l)(»c»n ?jttsod for man}' 
3'ears. More i-ecently, liacilliai thunngiensis has Ixvn 
used for the control of sucl< insects as the imported 
cabbage wonu, tobacco luulgwoim, and the alfalfa 
caterpillar. Additional developmental work is now- 
being conductcnl to prove the efficacy a'.ul safety of 
a polyhedral virus for the control of various insects. 

In the field of aquatic weed control, the Marisa 
snail and p. fish, the white Amur, have promising 
|K)tential. 

Advantages of the male-sterile technique were 
proven with the screw-worm, a major pest of live- 
stock. Sufficient information has been developed to 
indicate that the technique may prove useful in con- 
trolling Mediterranean fmit Ry, oriental fruit Ry, 
Mexican fruit fly, pink bollworm, boll weevil, tobacco 
hornworm, codling moth, and fruit flies of the geniis 
Drosophila. 

Considerable research is being conducted on the 
isolation, identification, and synthesis of attractants. 
These may be used in the future directly in control 
activities or in combination with traps. Research is 
also undcnvay to determine specific portions of the 
light spectmm which may attract insects to a greater 
degree than to other portions of the spectrum. 

Integrated control offers important potential for 
the future. Its use depends on a combination of many 
control methods rather than to rely on any one. 
Successful application requii^s a detailed knowledge 
of the relative effectiveness of a large number of 
combinations of control strategies, a detailed under- 
standing of the ways in which they interfere, with 
and complement each other, ar^d an ability to select 
. appropriate methods in diverse circumstances. 55uc- 
cess probably will depend on a detailed knowledge 



of the biolog}*" of the crop and ju >t, and on the con- 
struction of mathematical systems models. 

Funds (in millions of dollars) expended for al- 
ternatives to the use of pesticides are as follows: 

19G9 . 1970 1971 
32.0.5 33.64 37.74 

Corps of Engineers 

The research program is dirocted towaixl the con- 
trol of aquatic vegetation by nonchemical methods, 
|)articularly biological control. Research underway 
includes an evaluation of a flea beetle for the control 
of alligator weed, the Marisa snail for the control of 
many species of aquatic vegetation, and the white 
Amur for general aquatic vegetation control. 

Funds (in millions of dollai*s) expended for al- 
ternatives to the use of pesticides are as follows: 

1969 1970 1971 
0.20 0.30 0.30 

National Science Foundaiion 

Research supported by NSF falls principally into 
two areas (1) insect behavior, physiology, and bio-, 
chemistry, and (2) the ecological dynamics of natural 
and modified systems. Both area? are essentij^l for 
the development of more sophisticated pest control 
strategies, particularly in terms of integrated control. 
Field studies and laboratory simulations are included 
in the total program. 

Funds (in millions of dollars) expended for al-^ 
ternatives to the use of pesticides are as follows: 

. 1969 1970 1971 
0.83 0.80 0.90 



134 



123 



APPENDIX 7 



Noise 



Noise, for the piirpase of this stud}*, addrossod 
both natural and inaninadc sound. i)attern.s which 
geiieratts propagate, attenuate, or otherwise affect 
the natural or human environment. Although several 
Federal agenci(*s are involved in 11. & D. concerned 
with noi.se as a pollutant, the majority of the funding 
effort is centered in DOD, DOT, HUD, and NASA. 
These programs are ahiiast exclusivelj' directed to- 
ward aircraft noi.se — its reduction at the .source, 
attenuation once generated, and human re.six)nse 
thereto. The 11. & D. is both basic and applied. 
Approximately 20 to 25 million dollai-s per year are 
directed toward noise R. & D. with the NASA 
expending about 70 percent of the funding effort. 
Funds expended in fi.scal years 1969, 1970, and 1971 
for R. & D. i)ertaining to noise are reported in 
tabic 9 (p. 55). 



AIR 

Several Fedeml agencies are involved in R. & D. 
concerned with noise as an air pollutant. The ma* 
jority of the funding effort is centered in DOD, 
DOT, NASA, and NSF. Research emphasis has been 
placed on aircraft propulsion system noise and its 
suppression. Other efforts involve i-esearch on noise 
propagation and sonic boom. The R. & D. is both 
basic and applied. For the puri)osc of illustrating 
the noise programs and progress, major efforts in 
R. & D. have been placed in two categories: Aircraft 
propulsion system noise and other aircraft noise 
research. 

Aircraft Propulsion System Note 

Quiet engine. — Demonstration of the technology 
and design innovations necessary to reduce the pro- 
duction and radiation of noise in turbofan engines. 
This experimental turbofan engine will have a takeoff 
thrust rating of 22,000 pounds. The engine will utilize 
existing core designs but will incorporate fan char- 
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acteri.stics and noise suppression techniques which 
proini.se to reduce noise substantially. Test hanlware 
includes full-scale and acou.stic-scale model faas. 

Fan Icsls, — Te.st operations have begun in th(» 
modified fullscale test facility. Initial fan tests will 
include: (1) A 1.5-pressure ratio fan with and without 
un aeoustically treated nacelle (acoustic treatm<»nt 
will bo varied by taping over iwrous surfaces to 
provide information on .suppressor effectivene.s.s); 
(2) a 1.4-pressure ratio fan; (8) the LS-pressuix? ratio 
fan with reduced stator blade number; (4) the 1.5- 
pressure ratio fan without .statoi-s; and (5) the 1.5- 
pre.SHUre ratio fan with various motor-stator .spacing 
arrangements. 

Fan results obtained to date translate into four- 
engine aircmft flyover noise levels of 104 effective 
perceived noise decibels (RPNdl)) at the 3.5 nautical 
mile point on takeoff ix)wer, and 102 lOPNdb at the 
1 nautical mile point on a])proach (which are e.s- 
sentially the Federal Air Regulatioas — Part 36 (FAR 
36) noi.se limits). With an acou.stically treated nacelle, 
the values should be reduced sulistantially l)elow the 
FAR 36 criteria. 

Nozzle configuration. — Sea level static noise meas- 
urements are being continued on nozzle concepts 
.suitable for supersonic cruise aircraft. Nozzle con- 
cepts inve.stigated in conjunction with a J85 after- 
burning turbojet engine include a reference con- 
vei'gent primary nozzle, a variable flaj) ejector, an 
auxiliary inlet ejector, and a phig nozzle. Results 
indicate that the plug nozzle has an inherent capa- 
bility for reduced noise levels. Measurements of the 
noise associated with the.se engine-nozzle-nacelle con- 
figurations have been extended to fly by tests when 
installed on an F~106 aircraft. 

A large rocket engine is being utilized to generate 
high tempemture, .supersonic jets with physical and 
therinochemical properties similar to those of a large 
afterburning turbojet* This system will be used to 
study the contribution of the mixing region on the 
perceived noise level independent of the contributions 
of any upstream turbomachinery. The investigation 
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will attempt to determine: (1) The influence of ve- 
locity distribution at the exist of the nozzle, and 
(2) the influence of turbulence, particularly in the 
boundary layer, on the noise radiated from super- 
sonic jets discharging into the atmosphere at stag- 
nation temperatures (about 3,000^F.). 

Supersonic jet noke generation, — A theoretical and 
experimental study to provide a better understanding 
of jet noise generation and suppression in supersonic 
jets and to develop an cflicicnt supersonic jet noise 
suppressor continues. Tests to date indicate that 
weak shock waves from six small rods placed at the 
periphery of a mach 1.4 jet decreased the overall 
sound power level by 6 db. While use of a shroud 
in conjunction with the six rods reduced the sound- 
power level by 18 db, multiple tubes were responsible 
for a 12 to 15 db reduction over that of a single 
nozzle configuration. Analytical procedures have 
been ased to determine the flow conditions needed 
to achieve up to 20 db noise suppression from super- 
sonic jets. Also determined were the large shielding 
effects of multitude supersonic jet configurations, and 
a theory was developed for the prediction of multiple 
tube suppressor characteristics. 

Lift fan noise. — The lift fan program uses a 36-inch 
diameter fan having a pressure ratio of 1.3 to explore 
the effect of vane number (45 and 90), rotor-stator 
spacing (1.5 to 2.0 chords), and blade lean. The best 
configurations will be investigated with acoustic 
treatment applied in the fan flow path and on the 
- exit louvers. Later tests will also be made using a 
blade with a serrated leading edge. Noise measure- 
ments will continue to be taken during tests of air- 
craft in the 40- by 80-foot wind tunnel. This will 
establish the relative noise levels of complete VSTOL 
aircraft config^irations throughout the transition 
flight regime and at cruise condition. The serrated 
leading edge concept continues to receive attention. 
Results to date at a speed of 377 feet per second 
indicate that the most effective configuration con- 
sists of small triangular teeth mounted on an exten- 
sion of the wing chord. However, it appears, from 
tests conducted with a serrated leading edge on a 
6-foot diameter tail rotor operating at 750 feet per 
second, that a noise reduction potential may no 
longer exit at the higher speeds. 

Jet noise. — ^Jet exhaust noise research involves, 
both nozzle configuration and flow consideration. 
The basic acoustic characteristics of slot nozzles of 
the type used in augmented flap systems, and pe- 
ripheral nozzles of the type used in ground effects 
machines are under study in-house and at the Uni- 
versity of Tennessee. In-house studies also provide 



for altering the sound speed profile of a jet exhaust 
and for adding flow shielding to radically cliango its 
noise mdiation pattern. The addition of various sub- 
stances (solid particles, aerosol, >oeondaiy air flows, 
ionized particles) to the jet flow to alter its noise 
generation and radiation characteristi&s is under 
study. 

Rotating blade noise. — Th(^ generation and pre- 
diction of rotating blade noise i.s important for 
various propulsion units, such as proi)eller:5, h(»li- 
copter rotors, fans, compressoi's, and turbines. Stud- 
ies that relate particularly to propellers include the 
acoustic evaluation of resonatoi's for ducted pro- 
pellei^s and a theoiy for predicting the aseillating 
pressure loads on propeller ducts and the far field 
radiation and the effects of inflow angle on the noise 
generation of unducted propellei^s. 

The flight evaluation of helicopter noise reduction 
schemes has been completed. These were to evaluate 
various design modifications and specifically the rotor 
systems. Flight tests have also been made to evaluate 
the significance of unloading the rotor during flight 
by deployment of an auxiliary wing .surface. 

Tests are proceeding with a multistage laboratory 
compressor to study the noise loads on the com- 
pressor case near the rotors, and the propagation of 
noise through the blade rows. 

Noise generation from large fan engines. — Another 
project being conducted is concerned with multiple 
pure tones and optimum lining generated by blade 
rows of an axial flow fan, and the determination of 
the effect of asymmetries in the inlet flow on the 
propagation characteristics in the fan duct. Recent 
studies have indicated that variatioas in blade 
spacing are not the source of significant multiple 
pure tones. Present studies are being continued to 
determine blade stagger angle tolerance and blade 
shape as possible causes of wave coalescences. 

Broadband noise mechanisms. — ^This analytical 
evaluation is concerned with the simultaneous inter- 
action of shock waves in a turbulent region, and the 
interaction of blade wake turbulence with a heavily 
loaded downstream blade. This latter mechanism 
will be studied experimentally on an airfoil at high 
angles of attack with incident fluctuating flows. 

Fluid mechanics of edgetones. — This research pro- 
gram investigates the mechanism of aerodynamic 
sound production by free shear layers, such as sepa- 
rated boundary layers and impinging wakes on rigid 
surfaces. Generation of edgetones associated with a 
turbulent jet both with and without a wedge in the 
stream has been explored, and a general theory is 
being formulated. 
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Turbulent jet noise generation, — Research is 
oriented toward the noise generation and propagation 
by turbulent fluctuation in a turbulent jet, and the 
study of possible methods for alleviating this noise 
generation. Flow measui^ements have been obtained 
in a subsonic stream downstream of a screen and 
will be extended to include a supersonic jet. Spectral 
analysis of the measured hot wire data will be con- 
ducted in a computer program. 

VSTOL noise characteristics, — Problems associated 
with VSTOL noise characteristics arc under study. 
This effort is an extension to an existing study 
relating to the subjective evaluation of noise from 
general aviation aircraft. The noise characteristics 
of some of these aircraft contain factors common to 
VSTOL aircraft. We have been concerned for some 
time that noise characteristics peculiar to VSTOL 
vehicles, such as rotor blade slap, temporal noise 
patterns, complex modulation, and tone effects may 
contribute to the difficulty of calculating perceived 
noise levels. The extension of noise certification regu- 
lations to VSTOL aircraft and the need to stimulate 
noise reduction effort in VSTOL systems design 
support this requirement. 

Reconnaissance/ surveillance aircraft noise, — Ob- 
jectives of this noise research are to decrease aural 
detection for reconnaissance/surveillance aircraft; to 
alleviate the problem of acoustically induced struc- 
tural fatigue; to reduce the overall noise environment 
for flight crew, ground crew, and neighboring com- 
munities; and to study radiated noise from aero- 
dynamic bodies in flight and methods of reduction. 
Tests have been conducted of a low-noise propeller, 
a test rig has been developed and recommendations 
for the design of minimum vortex noise propellers 
have been made. A one-time 3 million dollar effort to 
flight test a quiet aircraft for reconnaissance/sur- 
veillance has been successfully completed. 

Propeller noise. — Further work on radiated noise 
from aerodynamic bodies in flight and reduction of 
propeller noise continues. Jet propulsion systems for 
reconnaissance/surveillance aircraft are being stud- 
ied. The objective is to achieve aural nondetectability 
at relatively low altitudes. Acoustic evaluation of 
propeller designs will continue in-house as will de- 
velopment of a small turbine engine of minimum 
noise. 

Helicopter noise. — Studies are being made to reduce 
the noise levels of both helicopters and fixed-wing 
aircraft to reduce the probability of enemy detection. 
These efforts also contribute indirectly to abatement 
of noise pollution. Blade tip speed, blade geometiy, 
number of blades and blade materials are being 



studied with a view to reducing helicopter noise. 
Techniques for mcasurcment of noise levels have 
been improved. The effects of vaiying frequencies 
upon the ability of humans to detect aircraft noise 
have been determined. Short-range plans are to 
continue the search for means to reduce aircraft 
noi.se. 

J-6o inlet suppressor. --k series of systematic vari- 
ations in inlet supprossor gcometiy were tested on 
a J-65 engine. The test series is complete. 

Suppression concepts study. — A crossed beam sys- 
tem is being developed for use in conjunction with 
already existing advance data processing and ad- 
vance statistical analysis techniques. This system 
will be ased to conduct jet noise rcsoarch by studying 
fundamental generation mechanics and suppression 
concepts. Optical measurements are being made of 
sound soui*ce intensity variations in jets by gas and 
heat injection; these results will be compared with 
results obtained in full-scale engine exhausts. 

Acoustic treatment for jet engine tailpipes, — A study 
is being conducted to develop acoustic treatment for 
the jet engine tailpipe. The work will identify 
acoustic treatment which, when installed in the tail- 
pipe of a JT3D turbofan engine, will reduce the 
turbine noise and the turbulence generated noise 
radiated from the tailpipe to a level below the level 
of the jet exhaust noise. Specifically, the contractor 
shall perfonn the engineering design studies, basic 
experiments, and components tests necessary to de- 
termine and evaluate promising alternate approaches 
to reducing the tailpipe and turbine radiated noise. 
The approaches are limited to acoustic treatment 
which can be effectively installed within or around 
the tailpipe. In evaluating the approaches, consider- 
ation will be given to factors such as maintainability, 
time between overhaul, safety, and cost, as well as 
engine performance and acoustic effectiveness. 

Ground test of the most promising configuration 
will be conducted by using a JT3D engine equipped 
with a previously developed acoustically treated 
flight test nacelle. The ground tests shall consist of 
noise measurements made in an arc around the 
engine for several power settings, including approach 
and takeoff power. Complete engine performance 
measurements also shall be obtained during these 
tests. Based on the results of the ground tests, esti- 
mates of the acoustic benefits in terms of EPNdb, 
and change in performance characteristics of a Boeing 
707-300B series engine equipped with the modified 
tailpipe and acoustically treated nacelles will be 
determined. 

Duct technology. — A broad experimental and theo- 
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rctical research program is underway relating to the 
basic behavior of duct lining materials, the appli- 
cation to aircraft, and the associated operational 
problems. Basic in-house materials studies include 
aeoustical, structural, and aeitxlynamic aspects. Flow 
choking in the inlets of engines involves the ase of 
variable geometry guide vanes and the injection of 
gases and fluids for localized flow control. The Dyna- 
tech Coip. is making systematic studies of water 
injeetion as a meanj< of limiting noise pi^opagation in 
confined spaces. Studies relate to the development 
of useful prediction methods for noise generation by 
a iotor in a duct, for the subsequent noise propa- 
gation in the duet, and for noise radiated from it. 

Studies have involved the flight testing and evalu- 
ation of specific duct lining configurations to de- 
termine acoustic, and aerodynamic performances. 

^^Internar jet noise suppression test — As a part of 
quiet engine program, the sources of low-velocity jet 
noise are being .studied. As a start, a J-65 turbojet 
engine will be equipped with a special tailpipe muffler 
to separate internally generated noise from the ex- 
ternally generated jet noise. The engine is run at 
reduced r.p.m. with a 7-foot-long acoustically treated 
annular muffler attached at the turbine outlet flange. 
The engine will also be run with an unlined "dummy" 
muffler section of identical flow geometry for noise 
eomparison. The muffler assembly has five separate 
modular sections designed to attenuate noise in bands 
centered at 300, 1,000, 2,000, 4,000, and 8,000 Hertz, 
respectively. Each module can be replaced by a 
dummy section. 

Other Aircraft Noise 

Atmospheric propagation, — A study has been com- 
pleted to closely correlate flyover noise data record- 
ings, aircraft position information, and atmospheric 
propagation losses over the audible frequeney range. 
Meteorological studies of the lower 1,000 meters of 
the atmosphere in several representative locations in 
the United States are underway to provide a sta- 
tistical representation of temperature, humidity, and 
wind gradients; to correlate these with surface obser- 
vation; and to provide guidance in possible future 
noise propagation field studies. 

Sonic boom.— Considerable effort has been and 
continues to be taken to study the sonic boom phe- 
nomena. Studies are directed toward measurement 
techniques, analyses of data, meteorological con- 
ditioning, atmospheric turbulence, experimental 
simulation, threshold mach, air stress alteration, 
operational maneuvers, and modeling. 



Engineering development of glide slope computers. — 
An engineering model of a low-eost airborne glide- 
slope computer has been developed to demonstrate 
the feasibility of conducting two-segment approaches 
for purposes of noise abatement. In addition, this 
computer has material potential for increasing the 
opemting flight safety level of aircraft conducting 
vi.sual oral range (VOR)/noninstrument landing sys- 
tem (ILS) approaches to noninstrument landing 
system (ILS) equipped iiinways. This is done by 
adding a command signal to the pilot's vertical 
guidance. The two-segment approach capability is 
used on runways with ILS and pennits command 
guidance to be received by the pilot throughout both 
segments of the noise abatement approach. 

Mechanism of noise generation and propagation, — 
Theoretical and experimental studies are being con- 
ducted in such areas of interest as: eflfects of ground 
reflection and ground impedance on sound propa- 
gation; distribution of noise sources in gas flows; 
noise of interacting air jets; generation and propa- 
gation of sound in helium. 

Several mechanisms of noise generation in a super- 
sonic jet stream have been postulated in addition to 
those dominant in subsonic jets. The means of 
abating noise generated by sueh mechanisms may 
be considerably different and may not be mutually 
compatible if such mechanisms coexist. Further 
effort is required to greatly improve our under- 
standing of the noise generating mechanisms from a 
scientific standpoint, however, due to the current 
needs for solutions, engineering apprc^aches must be 
simultaneously undertaken to reduce the airport 
noise of aircraft capable of operating at supersonic 
speeds. The research program, therefore, is a three- 
pronged effort to study the structure, turbulence 
levels, and associated noise source mechanisms as 
well as to pursue the two alternative engineering 
means for superstTnic aircraft noise reduction. That 
is, suppression of the noise generated by the super- 
sonic exhaust is studied , through empirical hardware 
design and tests. Variable engine cycle studies pro- 
vide for needed takeoff thrust with lower jet exhaust 
velocities and transitioning to high jet velocity for 
supersonic cruise. 

Funds (in millions of dollars) expended by various 
Federal agencies for noise in the air during fiscal 
years 1989-71 are as follows: 
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HUMAN EFFECTS 

The human effects category included approxi- 
mately 4 to 8 percent of the total noise re-search 
and tlcvolopmont effort. 

Physiological effects, — Programs continue to in- 
V(\stigate human physiological msponses to current 
and future aorosi)acc acoustical environments rang- 
ing from long toitn, low-level noises to the sonic 
lK>om to provide the means to reduce or eliminate 
undesirable effects. 

Continuous noise exposure. — Major emphasis is 
being placed on the study of peripheral circulation 
as influenced by noise exposure. Effoits will continue 
with the intent of quantifying changes and to de- 
termine the clinical significance of such findings. 

Impulsive noise exposure, — This program is dc- 
.signcd to identify physiologic responses that arc 
altered by exposure to impulsive noises and to relate 
these responses to various characteristics of the ex- 
posure stimulus. The relationship between startle 
and these effects will be established. The role of 
impulsive stimulus variables with respect to thresh- 
old of response, adaptation, and frequency of oc- 
currence will be examined for humans. 

Infrasound. — Physiological responses to intense 
infrasound will be investigated between 0.5 and 30 
Hz at levels up to 172 db. Effects on auditory acuity 
and the tympanic membrane are under study. Ex- 
posure conditions which will produce disorientation, 
respiratory arrhythmias, and other physiologic re- 
sponses will be defined. The combined effect of infra- 
sound and audio frequency exposures will be de- 
termined. 

Effects of noise on performance. — Programs con- 
tinue to measure and define human performance 
sensitive to acoustic exposures. Short-term memory, 
manual motor performance, and postural equilibrium 
in continuous noise exposures continue. Research is 
supported to determine the sources of natural and 
man-induced sound patterns which diminish or en- 
hance the physiological health, the mental state, 
the sense of safety and well-being, and the effective- 
ness of role performance by man. Monitoring and 
surveillance activities are supported to determine 
the characteristic sound patterns and intensity levels 
that exist in the home and neighborhood area, the 
work space, and the recreational areas. 

Activities in the educational setting are primarily 
to determine the effects of various sound patterns 
upon the learning abilities of school-age children. 

Research in the occupational setting is aimed at 
reducing the effects of hazardous sound patterns 



upon the physical safety and efficiency of the worker. 
The residential setting is the target for itssessing the 
impact of both mechanical and man-derived sound 
patterns on human health and well-being. 

Acceptability of aircraft 7ioise. — Empirical studies 
of the relative acceptability of sounds which appear 
to approach or recede from an obsei-ver have demon- 
strated a significant increase in unacceptability for 
approaching sources. This phenomenon Ls being ox- 
tended through use of actual aircraft flyover or flyby 
noises. 

Personnel protection and communication. — Continu- 
ing programs are being conducted to measure and 
define acoustic environments as required for the 
evaluation of bioacoustic problems such as personnel 
protection, communication, siting facilities, and com-' 
munity annoyance. 

Frequency resolutio7i in normal and impaired hear- 
ing. — The purpose of this investigation Ls to perfect 
a simplified manner of obtaining estimates of differ- 
ential sensitivity for frequency which will study the 
effects of masking noises and fatiguing sounds on 
humans. 

Auditory communication and its disorders^ — Cur- 
rent program Is related to clinical audiometry, anal- 
ysis of processes in the inner ear and auditory nerve, 
psychophysical studies of masking, and temporal 
perception. • 

Determination of susceptibility to hearing loss. — 
Investigation will assess the validity of temporary 
threshold shift tests as indicators of susceptibility to 
permanent heaiing loss. 

Loudness. — Study distance cues and other param- 
eters correlated with distance charges and measure 
their effect on loudness judgments. 

International standards. — Support is provided the 
Acoustical Society of America for the establishment 
of international standards on noise, noise abatement, 
and other acoustical standards. 

Noise disturbance — sonic boom,. — Noise disturbance 
to sleep, public reaction to sonic boom, and environ- 
mental influence on public response to sonic boom 
are being studied. 

Hearing levels of residents near airports. — Investi- 
gation continues to evaluate hearing levels of resi- 
dents living near a major airport. 

Noise — vision and audition. — Support is provided 
to the National Academy of Science, Committee on 
Hearing, Bioacoustics, and Biomechanics (CHABA) 
for research on vision and audition. 

R. & D. is still needed to determine tho hearing 
damage from different noise sources. Continuing 
R. & D. is required in human response to low fre- 
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qucncy noise, personnel protection, conununication, 
and subjective ivspon?<e.s to aircraft noise. 

Funds expended (in millionf? of doUai's) by various 
Federal agencies for noise on human effects during 
fiscal 3*cars 1969-71 are as follows: 
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LAND 

Three Federal agencies have R. & D. prograias 
concerned with noise as a ix)llutant of land media: 
DOD, DOT, and HUD. Funding by agencies in- 
volved wa.s approximately 6 percent of total dollars 
expended for total noise programs reported. 

Land use planning, — An existing FAA computer 
procedure used for noise exposure forecasting will 
be modified for military aircraft. A select number of 
bases will be studied to test the applicability. Future 
work will involve modification of procedures to apply 
the forecasting technique to all military aircraft 
operations. 

High-speed equipmenL — Studies are being con- 
ducted to reduce the noise from equipment with 
higft speed components. These efforts contribute di- 
rectly to abatement of noise pollution, although the 
contribution is applicable more to operators in the 
immediate vicinity of the equipment rather than the 
general public. Insulation techniques have been de- 
veloped for reducing noise from high speed gener- 
ators. This R. & D. effort will be phased out during 
fiscal year 1971. 

Noise exposure site assessment techniques. — In fiscal 
year 1970, a study was undertaken to provide the 
technical background for noise abatement in HUD's 
operating programs. As part of this study, techniques 
were developed to help facilitate implementation of 
the proposed HUD policy circular on noise abate- 
ment and control. HUD field personnel and appli- 
cants, who are not specifically trained acoustical 
experts will be able to assess present and projected 
noise exposures at sites proposed for consideration 
in HUD programs. The srreening procedures will be 
effective in eliminating or decreasing major noise 
exposure problems befoi'O they develop. Additionally, 
measurement methods using acoustical instrumen- 
tation were provided for use in resolving the more 



difficult sitUMtioits. .\ Iraimit^); ])r()<2:nnu eoitsistiitpc 
of vi.<ual aids :uhI an audio tap(' that d(*nu)ns(rat(N 
some of the aspects of acoustics that arc important 
in dealing with coiununnty noise and its control was 
pivpared. 

MelropoUktn aircraft noiac abatviin Ht .s/«</// (Lopjan 
International .\irport).— To dcv(*lop useful alt(»rna- 
tivcs for achieving l)oth preventive and remedial 
relief from aircraft noi.S' exposure in the vicinity of 
a largo metropolitan airport. Included iwv consich'r- 
ations of l)Jtsic causes, growth trends, and .social- 
economic impact of aircraft noise exposure oa indi- 
viduals and conuiuinities wviw airports. The project 
includes preparation of alternative approaohc/j for 
use l)y local, »State, and lMv''M'al governnusUs to 
guide them in land use dev(»lopment, airport develop- 
ment, and related aircraft operational procedures, 
A methodology for use by other airport and metro- 
politan ])lanning officials is being developed. 

Structural noise. — R. & D. involving generation 
and interaction of noise with structure components 
and piping/ducting in buildings, and the performance 
of acoustic filters i.s being undertaken. 

Urban noise survey methodology. — An effort wa.s 
begun in 1970 to develop techniques for conducting 
a compreheasive urban noise study. Comprehensive 
urban noise surveys will provid(* the baseline **cali- 
bration" of urban noise levels upon winch adminis- 
trative or legislative actions may he based and 
against which the subsequent efficacy of such actions 
can be determined. 

Acoustical performance criteria. — Desi;i;n criteria 
for the HUD breakthrough housing systems were 
also developed during fiscal year 1970 to help provide 
a suitable interior acoustical environment free from 
intrusive noises of neighboi-s, mechanical building 
equipment, and noises from outdooi's. 

Transportation noise study. — To determine the 
magnitude of the traasportatior noise aljatement 
problem in the United States and develop a set of 
analytical tools that can be used to d'^*ei*^ nine ^he 
extent of the abatement; provide a c».ini)ielu 
analysis of the current technical, economic, and legal 
limits of noise reduction, and est' lalos of what they 
may be in the future; determine the level of responsi- 
bility (public and private) for noise abatement, and 
the ability at each level to provide the necessary 
resources to implement noise abatement program; 
determine the nepd for government standards and 
regulations for trarteportation noise abatement, to 
establish specific recommendations for standards and 
regulations and their means of enforcement; de- 
termine the scientific research program which will 
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maximize the expected return from all related re- 
source alloeations; determine how to provide trans- 
portation services that stay within acceptable noise 
exposure in populated areas, given the operational 
\ economic, social, and political constraints. 

N&ise criieria evaluation. — Define and evaluate the 
noises of transportation with an overall goal of des- 
tining the requirements for uniform criteria and ob- 
jectives for transportation noise abatement — identify 
i and quantify the parameters which charaeterize 

I differences in the annoyance levels of different 

I sources of transportation — leads to a unified noise 

j rating system. 

i Interdisciplinary research on the impacts ajid aUevi- 

1 ation of transportation noise.— The specifie eontri- 

butions of this program to existing knowledge is to 
determine the impact of transportation noise on 
eommunity, physical, social, and economie environ- 
ment; to further explore methods for redueing trans- 
portation noise by analyzing their effectiveness, im- 
pact on system performance, cost, feasibility, and 
economic desirability; to provide urban planners, 

1 transix)rtation system planners and operator, 

acousticians, governmental agencies, and others with 

I better measures of the community cost of transpor- 

tation noise, and with better techniques for noise 
alleviation. 

Subways noise meaatiremenLSxxhway noise is being 
studied by reviewing available technical reports on 
the mass transit rail systems now in existence in 
Toronto, Hamburg, London, Berlin, Paris, and 
Rotterdam and .seleet seven systems that appear to 
have the lowest noise levels. These acoustieal meas* 
urements and studies will eomplement existing data 
and provide additional data necessary to present a 
eomplete matrix of the aeoustical environment. This 
analysis will identify the parameters that define the 
systems aeoustical environment. 

Society of Automotive Engineers (3AE) urban noise 
study.—Tins study will gather, eatalog, analyze and 
summarize available noise data in three areas, rela- 
tive to noise associated with the operation of tractors 
and related equipment. Specifically, the three areas 
are: 

1. Definition of the physical charaeteristics of 
typieal noises to which operators of sueh equip- 
ment might be exposed; 

2. The tolerance levels of such operators, both 
with and without protection. 

3. Degree of possible hearing damage and operator 
disorientation from exposure to variable noise. 

Metropolitan aircraft noise abatement policy 
, studies. — Interagency agreement with HUD to fa- 




cilitate and extend HUD's rescareh in conducting a 
series of metropolitan aircraft noiso abatcMiient policy 
studies to eoasider the causes, trends, and iinjiact of 
aircraft noise on people and eoininunitios near air- 
ports is being developed. The purpose of those* studies 
is to formulate applicable alternative i)olicios that 
may be adopted to guide land ujh* dovolopniont in a 
manner compatible with the expected noise lov(»ls. 
Six airport aixjas were initially selc^cted for study. 
During fiscal year 1969 research contracts were with : 

• New York Kennedy International Airport (Tri- 
State Transportation Commission) 

• Chicago O'Hare International Airport (North- 
eastern Illinois Planning Commission) 

• Bradley International Airport, Windsor Locks, 
Conn. (Capital Regional Planning Agency) 

• Kennedy Regional Airport, Melbourne, Fhi. 
(East Central Florida Regional Planning 
Council) 

As a foUowup to the prototype studies, a separate 
project will synthesize the results and make them 
even more useful to planning agencies. The method- 
ology utilized, the conclusions and i*ecommendations 
from the completed studies will be evaluated and 
summarized for potential use in other airport impact 
situations. The final product from the research will 
be an airport environs planning manual which will 
have widespread distribution to planning agencies 
and local officials. 

Clean Air Car Race. — Noise measurements of all 
vehicles qualifying for the annual transcontinental 
Clean Air Car Race wfere made. 

Truck tire noise. — An investigation of tmck tire 
noise was initiated in Apnl 1970. The objective of 
this program is to identify and quantify the physical 
parameters that affect the noise generation character- 
istics of truck tircs and to develop an information 
base that may lead to standardized tire-noise testing 
procedures and to highway noise i-eduction criteria, 
standards, and regulations. A requirement for $67,300 
in fiscal year 1972 is anticipated to complete this 
effort. 

Transportation noise generation.— Using the air- 
craft/airport model developed for the Baltimore- 
Washington metropolitan area, the study will de- 
velop and implement a research and demonstration 
program to measure and evaluate an urban area in 
the Boston metropolitan area. This will thereby 
validate and provide more confidence in the method- 
ology used for evaluating noise exposure in urban 
area. 

Modeling for jet noise. — A grant agreement with 
the University of Southern California to develop 
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ongincc^rinK K"i<l<*lin**-^ for the noiso abatcMUcnt of 
.subsonic and suporsonio jets. The program of bjt^ic 
roscarcli will bo coniliictod over a period of 3 years. 
Tin* first year's activity will include: (a) the ovt»rall 
design and construction of the re.search facility: the 
anechoic chamber, the air supply system for tlie jet, 
the jet nozzle, the traversing mechanisms u.sed for 
detailed measuixMuents; (b) development of special 
narrow angle microphones of electronic sy.stem for 
data pmce.<sing; and (c) preliminary measurements 
in a high .subsonic "clean jet.'' In the .second year, 
plans are laid out to conclude the "clean jet" experi- 
ments, to initiate the theoretical study on a .source 
model and to start an experimental and analytical 
work on the effects of initial conditions. Depending 
on the pr()gre.ss of this pmgram, it is hoped that in 
the third year re.search on the supersonic jet noLse 
problem could be initiated. 

Fonnulation of noise standards, — Efforts continue 
which deal with the formulation of acoustical .stand- 
ards. The three standards committees of the Acou.s- 
tical Society (S-1— Acoustics, S-2— Shock and Vi- 
bration, and S-3 — Bioacou.stics) will leport upon 
ciu'rent engineering and .scientific research designed 
to provide technical bases for specifying standaid 
methods for measuring noise and vibmtion and de- 
fining acceptable limits for noise and vibration by 
tran.six)rtation equipment. 

Tire acoustics. — A study of tire sound generation 
whether the variations between tires can lead to an 
effective acoustical grading of tires. The two distinct 
areas of investigation are: (a) the physical distri- 
bution and characteristics of the sound generated by 
a representative range of commercial tires under 
various conditions; and (b) a comparative assessment 
of the auditory responses to typical noises genciuted 
by tires. 

Admory and information services for transportation 
noise abatemenL — To provide for inten-elatcd infor- 
mation services: 

(1) Advisory services — information storage, re- 
trieval, and sjrnthcsis: an advisory committee within 
the Highway Research Boaid of the National Re- 
search Council, National Academy of Sciences, of 
approximately eight experts in the various aspects 
of transportation noise will be appointed to advise 
on the scope, sources, and input/output requirements 
of a storage and retrieval system for noise information 
and to advise on topics and procedures to be used 
in the synthesis of stored information and informa- 
tion which is available from other resources. Initial 
priority for conunittee concerns is in the area of 
surface transportation noise. 



(2) Storage and retrieval .system for lran.spor- 
tation noise research information: Develop a .spe- 
cialized file for transportation noi.st» research infor- 
mation .service (TNRIS). The service will provide 
for up to 2,500 references in the first-year operation 
to cover ongoing research activities, it?ports on com- 
pleted msearch, and publications or other documents 
within the .scope of the service. Output from the 
.system will include response to dia»ct queries, 
monthly lists and indexes of stored material and, at 
the end of the contract year, an experimental publi- 
cation to represent the year's accomplLslunents. 

(3) Synthesis of information for selected topics on 
traasportation noise abatement: After an adequate 
information base has been acquired, a small number 
of ivlatively narrow topics within the field of tran.s- 
portation noise abatement will be .selected as high- 
priority topics for information synthesis. One topic 
^vill then be selected for producing a corresponding 
information .synthesis document. 

(4) Advisory services research programs: Examine 
and make recommendations for R. & D. activities 
that may lead to the implementation, within the 
traasportation community of policies, standards, and 
procedures for alleviating transportation. 

Sonic boom— parks and wildlife.— Thcvc is a con- 
tinuing program for recording sonic booms in four 
western National Parks. The Fedeml Aeronautics 
Administration has supplied mobile equipment which 
has housed equipment in trailers presently set up at 
Yellowstone, Mesa Verde, Brycc, and Yosemite. Self- 
tripping recorder make a lecord of all sonic booms 
which impact these areas and tapes are then ana- 
lyzed. National Park pci'sonnel at these and other 
parks have been alerted to the boom problem and 
are maintaining a record of all sonic booms that 
occur within their areas and are noting any physical 
damage that may have resulted. 

Possible damage that may result to marine life 
from booms impacting streams and lakes is under 
study. A preliminary analysis of this problem is 
being made. 

Mink are extremely sensitive to disturbance and 
are an excellent experimental animal to test the 
effects of sonic boom on wildlife. A number of de- 
partments and agencies are cooperating in an effort 
to determine the effect of sonic booms on mink in 
Alaska. The results will help in gaging the effects of 
sonic booms on wildlife. 

. A need exists to conduct noise measurement, 
analyses, and information distribution to assist trans- 
portation system planners and operators. 
Similarily noise measurements and analysis of 



ambient noise levels in remote wildlife areas to de- 
tLrinino imi)act of noise on wildlife need U> he made. 

Transportation system noiso measurements in 
metropolitan areas need to be initiated to gather data 
that will bo used to validate simulation models pre- 
vioiisl}' developed. 

An investigation of truck tire noise as a follow-on 
to the current automobile tire noise investigation 
should be undertaken. 

A progiain wherein highway noise enforcement 
problems encountered by State and local authorities 
could examined to determine areas of possible 
refinement and innovative methods of noi«e measure- 
ments to assist local officials in enforcing State vehicle 
noise codes within urban areas. 

Surface transportation vehicle noLse reduction pfb- 
grams dasigned to demonstrate economic means of 
abating noise generated by existing transportation 
vehicles should be developed. 

A program to demonstrate economic and techno- 
logically feasible methods of attenuating noise trans- 
missions generated by vehicles Operating on highways 
or other guideways or both is required. 

A complete inventory of current truck noise per- 
formance and noise reduction kits should be de- 
veloped. This effort could be used as the first step 
in the demonstration program on truck noise 
reduction. 

Refinement of mathematical models or transpor- 
tation noise reduction and attenuation should be 
developed. 

Area-wide planning studies to consider the causes, 
trends, and the impact of aircraft noise on people 
and communities near airports should be expanded. 
The purpose of these studies would be to formulate 
applicable alternative policies that may be adopted 
to guide land-use development in a manner com- 
patible with forecast noise levels. 

Over the years little has been done to demonstrate 
means of abating noise generated by vehicles on our 
highways, hence, little has been aocomplished by 
way of actual noise reduction and many arguments 
primarily of an economic nature have been made 
against attempts at State and local highway noise 
enforcement programs. In addition, the need for 
mass transit vehicles to supplant the individual auto 
in conjested urban areas will be taxing a substantial 
but diffused body of knowledge regarding the design 
and construction of acoustically acceptable mass 
transit systems. It is, therefore, necessary, in a 
priority fashion, to design and develop efforts to 
demonstrate the effectiveness of current and ad- 
vanced state-of-the-art noise reduction as applied to 
surface transportation vehicles. This effort could 



also explore in a more cui-sory fashion the economie 
impact of sucli noise abatement technology in 
practice. 

Initial effort should be aimed at demonstration 
project.s for the most populoas vehicles involved in 
the areas of largest community annoyance. As prog- 
ress is made on the vehicles presently creating tlie 
largest problem, other vehicles will begin to evolve 
as the most troublesome, hence, warranting demon- 
stration projects of tlioso vehicles in turn. 

It is anticipated that the results of these vehicle 
demonstrations will permit and become the basis for 
progressively more stringent State highway noise 
standards which, in turn, could provide the impetus 
for the inclusion of technology developed within this 
research area as routine design and inanufacturing 
practice. 

- Systematic research and demonstration/evaluation 
programs should be supported with tlie aim of prop- 
erly assessing current practices and developing new 
and innovative methods of attenuating noise trans- 
mission away from transportation rights-of-way. 
Specific areas to be explored are noise barriei's 
(capable of being added to existing roads and de- 
signed into new roads), absorbent materials on re- 
taining walls and abutments, roadside terrain con- 
touring and planting surface material, traffic flow 
control devices, and other design features. 

In addition, techniques to aid highway noise en- 
forcement could be developed to permit such enforce- 
ment programs close to urban residential areas and 
on highways employing noise abatement features. 

The results of this research area would provide a 
direct input to State and Federal highway plannei's, 
as well as State highway law enforcement organi- 
zations for immediate application within State en- 
vironmental programs. 

A continuing program of research into the more 
fundamental aspects of noise generation and propa- 
gation should be supported as a source of new and 
more eftective concepts of noise abatement theoiy 
and technology from which future development and 
demonstration programs would draw in order to 
inhibit the escalation of transportation noise in our 
society. While some efforts will pertain to scientific 
investigation of a generalized nature with such broad 
potential application as to preclude indentification 
of the research with specific transportation vehicles, 
it is anticipated that end results of all of the research 
. would have specific application to transportation 
• noise abatement and that such applications will be 
fully postulated. 

Contributions of interstate highway noise, airport 
noise, and major transportation terminal noise to 
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overall ambient noise levels in urban areas should 
be further defined by building upon further measure- 
ments. Refined measurements would be made m ae- 
eordanee with a detailed plan formulated to insure 
that suffieient data will be obtained to permit a 
faetoral analysis. 

Studies and analyses should be eonduetcd to de- 
termine the feasibility of a performing on a eon- 
tinuing basis monitoring of urban noise to further 
identify eontributions made by transportation ve- 
hieles. Based upon these results, demonstration pro- 
grams of urban noise level monitoring eould be 
initiated. 

Analytical and mathematieal models previously 
developed should be refined on a eontinual basis to 
provide more useful analytieal tools for urban plan- 
ners, vehicle manufaeturers, and guideway builders. 

Interrelated noise information serviecs need to be 
provided so that researeh and advisory information 
ean be made available to appropriate State and loeal 
offieials to assist in the establishment and enforce- 
ment of noise standards, planning, construction, and 
maintenance activities. 

Funds (in million of dollars) expended by various 
Federal agencies on noise on the land during fiscal 
years 1969-71 are as follows: 

2969 1970 1971 

DOD 0.10 0.02 0.60 

DOT 03 .15 .46 

HUD 12 .08 .10 



WATEIt 

Two Fedcrai ngeneios indicated an R. & D. effort 
involving noise in water media. This eonibin(»d mini- 
mal effort totals $66,000 for fiscal years 1969-71, 
and represents less than 1 percent of the total en- 
vironmental noise program. The NSF gi-ant sup- 
ported basic research on sound propagation and has 
not been funded since fiscal year 1969. The DOT 
researeh and development was sponsored by the 
Fedeml Aviation Agency and concernod the pene- 
tration of sonic boom energy into the ocean (com- 
pleted in June 1970) and an investigation of under- 
water acoustic effects caused by atmospheric sonic 
l>ooms. 

Little attention has been focused upon the cflfoets 
of noise in water. With the concern of the Nation 
for possible sonic booms cflfcets on flight paths 
limited to ocean traverse, there should be cause for 
more scientifically based data of noise and over- 
pressure upon various forms of marine life. 

Funds (in millions of dollars) expended by various 
Federal agencies for noise in the water during fiscal 
years 1969-71 are as follows: 



1969 1970 1971 

DOT 0.04 

NSF 0.03 .04 00. Tj 
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Radiation 



For the puiposc of this study, radiation was viewed 
as encompassing ionizing and nonionizing radiation, 
natural and manmade, which affects the natural or 
human environment. The radiation programs are 
divided into the following research categories: (1) 
evaluation of effects, (2) measurement and moni- 
toring, (3) prevention and control, and (4) transport 
and fate. 

The level of R. & D. effort for fiscal years 1969-71 
remained fairly constant at about $70 million per 
year. In each category the AEC program accounted 
for more than 95 percent of funds expended. Evalu- 
ation of effects received the majority of the emphasis 
(approximately $40 million per year). Studies de- 
voted to transport and fate of radioactive materials 
resulted in expenditures of approximately $15 million 
per year. All radiation programs reported were sub- 
mitted by five Federal agencies— AEC, DOD, EPA, 
HEW, and NSF. Funding for each of the.se agencies 
in fiscal years 1969, 1970, and 1971 is reported in 
table 10 (p. 59). 



EVALUATION OF EFFECTS 

Research in this category enables a better under- 
standing of the immediate and* long-term effects of 
acute and chronic exposure to radiation of various 
types. Because of the ever-expanding applications of 
nuclear energy, knowledge of the effects of exposure 
to low-level (chronic) irradiation is particularly im- 
portant. Research is carried out to understand the 
effects and interactions of radiation and other factors 
on freshwater, marine, estuarine, and terrestrial eco- 
systems. Investigation of techniques for the measure- 
ment of external radiation doses in the vicinity of 
operating nuclear facilities that release gaseous radio- 
active wastes to the atmosphere is another program 
under this category. Dose estimates are being de- 
veloped from experimental data on tritium and 
krypton for concentration guides in gas for com- 
mercial and domestic use. 



lle.search, including ba.»;ic and long-t(MMn .studies 
involving largo nunil)t»r.s of human beings and ani- 
mals, is conducted to better understand the potential 
biological effects resulting from exposure to ionizing 
and nonionizing radiation from many electronic 
products. Examples of electronic products, which 
are used by consumer, the medical profes.sions, and 
in industiy, include microwave ovens, color TV's, 
X-ray equipment, and diathermy equipment among 
some 30,000 electronic products. Medical and in- 
dustrial uses of radiopharmaceuticals and radioactive 
materials are also .sources of exposure of immediate 
concern. 

An indoor radon exposure progeny evaluation 
study is to be conducted to evaluate effects of 
uranium mill tailings used in construction and sur- 
rounding communities. Also of special interest is 
research to determine the significance of radioactive 
materials in freshwater systems, since radionuclides 
are more readily accumulated from the environment 
by freshwater organisms than by marine forms. Re- 
search is also detemining the different types of 
genetic damage produced at the level of the chromo- 
some, gene, and nucleic acids. From such investi- 
gations, it is hoped to predict with reasonable accu- 
racy the consequences of specific tyi>cs of genetic 
damage in individuals of initial and succeeding gener- 
ations. Another aim is to undei^stand and predict the 
impact of specific types of genetic damage on popu- 
lations, and the mode and rate of elimination of 
damage from populations. Some of the more specific 
areas of interest include the study of the effects of 
radionuclides on plant and animal populations in 
forests, grasslands, deserts, and tundra and on such 
biological processes as behavior, food production, 
succession, migration, and reproduction. Research 
investigations as.sess the impact of radiation on soil, 
plant, and micro-organism ecosystems. 

Rasearch in radiobiology is being conducted to 
evaluate the adverse effects of electromagnetic radi- 
ation. A major goal is to develop knowledge of the 
overall survivability and vulnerability analyses of 
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systems. Rcscai-ch to define the cause of incapaci- 
tation is continuing. Research is undertaken to define 
laser, micit)\vave, and flashblindness hazards. Efforts 
continue to develop exposure criteria and pit)tective 
devices. Funding for R. & D. programs involved 
with evaluating the effects of radiation accounted for 
58 percent of the money in this categor3^ The AEC 
spent 97 percent of the funds in evaluating the 
effects of radiation. 

Funds (in millions of dollars) expended for evalu- 
ating the effects during fiscal yeai*s 1969-71 were as 
follows: 

1969 1970 1971 

AEC 40.98 40.35 39.59 

DOD 90 .82 .82 

EPA 28 .78 

HEW 2.55 - 2.69 2.78 



MEASURING AND MONITORING 

The development of instruments to detect and 
measure radiation is an important part of the overall 
program. The development of special radiation in- 
struments to assess uranium miners' exposure to 
radiation has received much attention. Materials, 
devices, and techniques for these instruments are 
constantly being improved. This R. & D. program 
supports many other Federal activities that assess 
and control pollution. Related to this work is re- 
search in radiological physics, which provides the 
basis for a full understanding of the underljdng 
physical processes by which radiation produces bio- 
logical changes. These studies are prerequisite to 
interpretation of radiobiological effects and to the 
formulation of advanced dosimetry. Health physics 
research provides information and techniques needed 
for the formulation and establishment of improved 
radiation protection procedures. Detection of low 
levels of krypton and tritium in effluents from stacks 
of nuclear fuel reprocessing plants is being developed. 
Analytical techniques for measuring radionuclides 
in water discharged from nuclear power plants are 
being developed. A program to investigate the maxi- 
mum and average levels of dosimetrically important 
radionuclides in human diet for use in estimating 
population dose is continuing. This category ac- 
counts for 14 percent of all funds reported involving 
radiation pollution R. & D. The AEC expends 96 
percent of the funds devoted to this radiation area. 

R. & D. is required to develop instruments to 
measure exposure levds of microwaves, ultrasonics, 
ultraviolet, 'and other nonionizing radiation, under 
both laboratory and field conditions, in order to 



enforce electronic product performance standards. 
Dosimetry instrumentation R. & D. is also underway. 

Funds (in millions of dollars) expended for meas- 
uring and monitoring during fiscal years 1969-71 
were as follows: 



1969 

AEC 8.72 

DOD 20 

EPA 

HEW "70 



PREVENTION AND CONTROL 
TECHNOLOGY 



1970 
9.57 

.54 
.85 



1971 
9.37 

.50 
.70 



R. & D. to improve the collection, handling, treat- 
ment, and disposal of radioactive waste materials 
and effluents from the nuclear energy industry have 
been important parts of the overall program. The 
development of improved equipment and procedures 
for the safe management of radioactive wastes, par- 
ticularly the high-level wastes from the chemical 
processing of irradiated reactor fuels, is a major ob- 
jective. Programs also involve the development of 
procedures for using alumina to remove or reduce 
strontium-90 in aqueous effluents from nuclear fuel 
reprocessing plants. 

Evaluation of radon diffusion control measures to 
determine the effectiveness of ventilation in buildings 
using uranium tailings for fill material is in progress. 

High-power radar and communication transmitters 
have caused numerous unexpected problems in de- 
grading receiver sensitivity. To avoid this situation, 
a program is underway to insure electromagnetic 
compatibility. Funding in this category has averagef^ 
approximately $3.3 million for fiscal years 1969-7 i 
and will drop to about one-half this expenditure 
projected to fiscal year 1972. 

Funds for prevention and control R. & D. account 
for approximately 7 percent of those reported. The 
AEC expends 99 percent of the funds reported under 
this radiation pollution category. 

R. & D. has been conducted to provide perform- 
ance standards specifications covering color TV com- 
ponents and shielding, microwave oven interlocks 
and door seals, and other technical improvements 
such as X-ray collimators. 

Funds (in millions of dollars) expended for pre- 
vention and control during fiscal years 1969-71 were 
as follows: 







1969 


1970 


1971 


AEC . 


t 




4.87 
.02 
.68 


5.12 
.03 
.70 


EPA 






HEW 







135 



TRANSPORT AND FATE 

R. & D. pi-ograms in this categoiy are directed to 
the understanding of the mechanisms by which radio- 
nuclides move through the natural environment, 
including inland watoi-s, oceans, and land. Interest 
in these studies stems from the fact that radioactivity 
may be introduced into the environment as a result 
of nuclear energy operations. Among these arc radio- 
active fallout from nuclear explosions, from nuclear 
reactors for power or propulsion, or from any other 
situation that might result in the dissemination of 
radioactivity. From these studies, it is possible to 
predict more reliably where and how rapidly such 
radioactivity will be transported. This information 
is necessary to design procedures to assure that 
nuclear activities are conducted safely. This category 
accounts for 22 percent of all funds expended on 
radiation research and development. 

Development of procedures to determine the build- 
up of radionuclides in a small lake impoundment 
associated with a nuclear power reactor is currently 
funded and projected through fiscal year 1971. An 
evaluation study of radionuclide discharge pathways, 
techniques of removal, and waste treatment associ- 
ated with current and planned operating power re- 
actors is in progress and will continue through fiscal 
year 1971. The basis for determining significant en- 
vironmental impact of proposed nuclear facilities in- 
volves the development of special data from inde- 
pendent studies and problem analyses. Research 
concerned with the mechanisms of interaction of 
high-energy atoms of chemical kinetics is being ac- 
complished. Radioactive materials are distributed in 
the atmosphere and the ocean as tracers of global 
processes. Projects in the general area of radiation 
energetics of the upper atmosphere and global distri- 
bution of the ozone resulting from photo dissociation 
and attenuation of the solar beam by atmospheric 
aerosols are supported. Oceanographic projects are 
concerned with tritium used as a global tracer. The 
AEC expends 96 percent of the radiation pollution 
funds in this category. 

The growth of nuclear industries will probably 
result in increased discharges of radioactive ma- 
terials to the environment. Current program ac- 
tivities are not sufficient to provide the technical 
evaluation of proposed power reactors and assess- 
ment of the total impact of the operation of these 
plants on the environment. Intensified efforts should 
be directed toward development of tec^^nolpgy for 
further reduction of radioactivity discharges. The 
projected increase in population exposure to krypton 



and tritium requires R. & D. of technology to reduce 
and control these radionuclides from power reactors 
and fuel reprocessing plants. Research on the bio- 
logical effects of low-level radiation will be needed 
to expand the knowledge of this effort to improve 
existing standards. Future use of plutonium a.s a 
heat source for space nuclear auxiliary power (SNAP) 
requires better modeling to estimate its biological 
effects. Each of the programs identified needs to 
continue and to be expanded. 

There is an increased need for the cvahiation of 
the effectiveness of current and newly developed 
radioactive waste treatment systems. More study is 
required to determine the effectiveness of protective 
actions to reduce population exposure in the event 
of an incident or accident at i\ nuclear power reactor. 
Additional studies are necessary to determine the 
uptake and distribution of reactor effluent radio- 
nuclides in marine ecosystems. 

Research investigations are still needed to assess 
human exposure to radiation and to evaluate the 
impact of radiation upon soil, plant, and micro- 
organism ecosystems. In meeting this objective, 
models need to be developed for predicting the up- 
take by, movement through, and loss of radio- 
nuclides from components of the environment. Land 
disposal techniques as alternatives to regulated ocean 
disposal are needed. 

The determination of effectiveness of protective 
actions is still required. The need exists for non- 
ionizing radiation standards for an expanded fre- 
quency range of the electromagnetic spectrum. An 
accurate, reliable, and portable instrument to meas- 
ure varying electromagnetic frequencies is still 
necessary. 

Considerable R. & D. effort for many years has 
been devoted to preventing and controlling the intro- 
duction of radioactive material into watercourses of 
this Nation The tremendous increase in nuclear 
energy for electrical power production will require 
that specific geographic areas where the plants are 
to be located be studied in greater depth. As ocean 
disposal of radioactive waste material is phased out, 
new methods of landbased disposal must be found. 

Also of special interest is research to determine the 
significance of radioactive materials in freshwater 
systems, since radionuclides are more rapidly ac- 
cumulated from the environment by freshwater 
organisms than by marine forms. 

It would appear that increased effort and funding 
is indicated in the prevention and control area. 
When compared with the level of effort in other 
categories discussed, the expenditure is dispropor- 
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tionatcly small. No long-term solution has yet been 
designed for the proper disposal of highly active 
radionuclides. 

Voids of knowledge still exist concerning the effects 
on the human and natural environment for many 
segments of the electromagnetic spectrum. Little is 
known concerning high-power low-frequency micro- 
wave effects or the significant parameters of concern. 

Therc would appear to be no overlap in R. & D. 
currently underway by Federal agencies. To the 
contrary, there appears to be a coordinated effort 
between Federal agencies to insure that duplication 



does not occur. Several instances of cross funding 
between agencies to devote maximum expertise were 
indicated in this analysis. 

Funds (in millions of dollars) .expended for trans- 
port and fate during fiscal years 1969-71 were as 
follows: 



1969 

13.89 

DOD 

EPA 

HEW :::: ;^ 

NSF 22 



1970 
1.5.91 
.01 
.27 
.28 
.29 



i971 
15.11 
.01 
.96 
.40 
.32 
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